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S U M M A R Y 
T h e p u r p o s e of t h i s r e s e a r c h w a s to d e t e r m i n e the r e a c t i o n r a t e 
c o n s t a n t s for the h y d r o g e n a t i o n of s e v e r a l tall oil f r a c t i o n s a n d for 
the h y d r o g e n a t i o n of o l e i c a c i d a n d a b i e t i c a c i d , the p r i n c i p a l fatty 
a c i d a n d r e s i n a c i d c o m p o n e n t s of t a l l o i l . The; e f f e c t of s e v e r a l • r e a c ­
t i o n v a r i a b l e s u p o n the r a t e c o n s t a n t s w e r e i n v e s t i g a t e d , as w e l l as the 
v a l u e s for the a c t i v a t i o n e n e r g i e s for the m o s t i m p o r t a n t f r a c t i o n s * 
The h y d r o g e n a t i o n r e a c t i o n s w e r e c a r r i e d o u t a t a p p r o x i m a t e l y 
r o o m t e m p e r a t u r e 5 in a s t a n d a r d P a r r L o w P r e s s u r e R e a c t i o n A p p a r a t u s h a v ­
ing a t o t a l v o l u m e of ^.^8 l i t e r s . T h e s o l v e n t u s e d for m o s t of t h e 
r e a c t i o n s w a s d i s t i l l e d glacial, a c e t i c a c i d 9 and t h e c a t a l y s t w a s A d a m s ' 
p l a t i n u m o x i d e . M o s t of the r e d u c t i o n s w e r e c a r r i e d o u t at a s t a r t i n g 
h y d r o g e n p r e s s u r e of a p p r o x i m a t e l y 64..7 p . s . i . a b o s l u t e . It w a s f o u n d 
t h a t t he r e a c t i o n r a t e c o n s t a n t s c o u l d be d e t e r m i n e d by f o l l o w i n g the 
d r o p in h y d r o g e n p r e s s u r e d u r i n g the r e a c t i o n as a f u n c t i o n of t h e t i m e 
e l a p s e d d u r i n g the r e d u c t i o n . T h e r e a c t i o n s w e r e f o u n d to obey f i r s t 
o r d e r k i n e t i c s w i t h r e s p e c t to h y d r o g e n . 
F o u r tall oil f r a c t i o n s m a n u f a c t u r e d by the A r i z o n a C h e m i c a l C o m ­
p a n y . 3G) R o c k e f e l l e r P l a z a ? N e w Y o r k 2 0 ? N . Y . w e r e s t u d i e d . T h e s e 
f r a c t i o n s a r e k n o w n by the c o m m e r c i a l n a m e s of A c i n t o l D 5 A c i n t o l FA 1 , 
A c i n t o l FA 2 9 a n d A c i n t o l P. A l l of t h e s e f r a c t i o n s o r i g i n a t e f r o m t h e 
f r a c t i o n a l d i s t i l l a t i o n of c r u d e tall o i l , A c i n t o l FA 1 c o n s i s t s p r i m a r i l y 
of fatty a c i d s 1 its r e p e a t e d f r a c t i o n a t i o n r e s u l t s in A c i n t o l FA 2 . 
A c i n t o l D is a n i n t e r m e d i a t e f r a c t i o n c o n s i s t i n g of b o t h fatty a c i d a n d 
v i i i 
r e s i n a c i d c o m p o n e n t s , w h i l e A c i n t o l P is a m i x t u r e of m a t e r i a l s w h i c h 
h a v e v e r y h i g h b o i l i n g p o i n t s a n d is the r e s i d u e f r o m the f i r s t d i s t i l ­
l a t i o n of c r u d e t a l l o i l . 
In a d d i t i o n to t h e a b o v e m a t e r i a l s , a t a l l oil f r a c t i o n r i c h i n 
r e s i n a c i d s w a s i n v e s t i g a t e d . T h i s f r a c t i o n is c a l l e d c o m m e r c i a l l y T a l l 
O i l R o s i n a n d is p r o d u c e d by the W e s t V i r g i n i a P u l p a n d P a p e r C o m p a n y , 
2 3 © P a r k A v e n u e , N e w Y o r k 1 7 , N . Y« T h i s f r a c t i o n w a s a l s o u s e d as t h e 
s o u r c e f r o m w h i c h a b i e t i c a c i d a n d diamy1ammonium a b i e t a t e w e r e o b t a i n e d . 
T h e s e m a t e r i a l s w e r e i n v e s t i g a t e d as w e l l as o l e i c a c i d a n d m e t h y l o l e a t e . 
The h y d r o g e n a t i o n of six g r a m s of A c i n t o l FA 1 a n d of A c i n t o l FA 
2 in 1 0 0 m l . of g l a c i a l a c e t i c a c i d s o l v e n t w i t h 0 . 1 0 g. of A d a m s ' 
p l a t i n u m o x i d e c a t a l y s t w a s f o u n d to y i e l d v e r y s i m i l a r d a t a * T h e r e a c ­
t i o n r a t e c o n s t a n t s in t h e s e c a s e s w e r e f o u n d t e b e a p p r o x i m a t e l y 0 . 2 1 0 
m i n . "Vg. a t a t e m p e r a t u r e of 2 5 G C . A c i n t o l FA 2 u n d e r s i m i l a r c o n d i t i o n s 
e x c e p t u s i n g 0 . 1 6 g. of A d a m s ' p l a t i n u m o x i d e y i e l d e d a r a t e c o n s t a n t 
v a l u e of 0 . 1 4 5 m i n . ^/g» A c i n t o l FA 2 w a s s h o w n to y i e l d s t e a r i c a c i d 
as the p r o d u c t of t h e h y d r o g e n a t i o n . 
H y d r o g e n a t i o n of A c i n t o l D u n d e r c o n d i t i o n s as d e s c r i b e d a b o v e 
u s i n g 0 . 1 0 g. A d a m s ' p l a t i n u m o x i d e c a t a l y s t y i e l d e d a r a t e c o n s t a n t v a l u e 
of 0 . 2 3 4 m i n . ^/g» 
T h e h y d r o g e n a t i o n of A c i n t o l P w a s f o u n d n o t to be f a v o r a b l e u n d e r 
the same c o n d i t i o n s as u s e d in t h e o t h e r A c i n t o l s . S e v e r a l t r e a t m e n t s of 
the A c i n t o l P w e r e a t t e m p t e d in a n e f f o r t to c a u s e t h e h y d r o g e n a t i o n to 
p r o c e e d b u t w i t h o u t v e r y m u c h s u c c e s s . It w a s f o u n d 2 h o w e v e r , t h a t the 
a c i d i c c o m p o n e n t s of A c i n t o l P c o u l d b e e x t r a c t e d f r o m the p a r e n t m a t e r i a l 
by the a c t i o n of g l a c i a l a c e t i c a c i d , a n d t h a t they w e r e a b l e to b e 
ix 
h y d r o g e n a t e d . R e a c t i o n r a t e c o n s t a n t d a t a w e r e n o t o b t a i n a b l e for t h e s e 
m a t e r i a l s . 
T h e h y d r o g e n a t i o n of 6 , 0 0 g. of T a l l Oil. R o s i n in 1 0 0 m l . of 
d i s t i l l e d g l a c i a l a c e t i c a c i d s o l u t i o n w i t h 0 . 4 0 g. of A d a m s ' p l a t i n u m 
o x i d e c a t a l y s t w a s found to p r o c e e d m u c h s l o w e r t h a n t h a t of the f a t t y 
a c i d f r a c t i o n s . T h e r e a c t i o n r a t e c o n s t a n t w a s f o u n d to be 0 . 0 4 5 3 m i n . ^ / g . 
a t 2 5 ° C . 
O l e i c a c i d a n d m e t h y l o l e a t e w e r e f o u n d to y i e l d s i m i l a r r a t e c o n ­
s t a n t s w h e n 0 . 0 2 m o l e of t h e s e m a t e r i a l s w e r e h y d r o g e n a t e d in 1 0 0 m l . of 
g l a c i a l a c e t i c a c i d s o l u t i o n w i t h 0 . 1 0 g. A d a m s ' p l a t i n u m o x i d e . T h e 
v a l u e s d e r i v e d w e r e 0 . 1 9 0 m i n . Vg° a n d 0 . 1 1 0 m i n . Vg- r e s p e c t i v e l y a t 
a r e a c t i o n t e m p e r a t u r e of 25°C«. 
T h e h y d r o g e n a t i o n of a b i e t i c a c i d w a s s t u d i e d by u s i n g e i t h e r t h e 
free a c i d in a c e t i c a c i d as s o l v e n t or the d i a m y l a m i n e s a l t of the a c i d 
in a c e t i c a c i d s o l u t i o n . The l a t t e r w a s e x p e c t e d to p a r a l l e l the f o r m e r 
in r e s u l t s , s i n c e in a l a r g e e x c e s s of a c e t i c a c i d , t h e s a l t w o u l d be 
e x p e c t e d to be c o n v e r t e d into a b i e t i c a c i d , a n d d i a m y 1 a m m o n i u m a c e t a t e . 
T h i s w a s the c a s e a n d b o t h m a t e r i a l s y i e l d e d i n i t i a l r e a c t i o n r a t e 
c o n s t a n t s of 0 . 0 3 5 © m i n . " 1 / ^ a"t a t e m p e r a t u r e of 2 5 ° C . 
T h e h y d r o g e n a t i o n of a b i e t i c a c i d w a s f o u n d to p r o c e e d t h r o u g h a 
two s t e p p r o g r e s s i o n . T h i s w a s c h a r a c t e r i z e d by an i n i t i a l r a p i d u p t a k e 
of h y d r o g e n , f o l l o w e d by a s l o w e r t r a n s i t i o n p h a s e W h i c h d i d n o t f o l l o w 
f i r s t o r d e r k i n e t i c s 9 a n d by a t h i r d s l o w r e a c t i o n w h i c h w a s a g a i n 
f i r s t o r d e r w i t h r e s p e c t to h y d r o g e n . It w a s f o u n d to be d i f f i c u l t to 
r e p r o d u c e the r a t e c o n s t a n t v a l u e s o b t a i n e d f o r t h e t h i r d p h a s e of t h e 
r e d u c t i o n , b u t t h e y w e r e a p p r o x i m a t e l y 0 . 0 0 1 0 m i n . ^/g» 
X 
O n t h e b a s i s of this, i n f o r m a t i o n a n d o t h e r e x p e r i m e n t s c a r r i e d 
o u t d u r i n g t h e c o u r s e of t h i s work.,, it is b e l i e v e d t h a t t h e h y d r o g e n a ­
t i o n p r o c e e d s t h r o u g h t h e r e d u c t i o n of a b i e t i c a c i d t o a d i h y d r o a b i e t i c 
a c i d , the s t r u c t u r e o f ' w h i c h is u n k n o w n . T h i s h a l f — h y d r o g e n a t e d a b i e t i c 
a c i d is b e l i e v e d to u n d e r g o s u b s e q u e n t h y d r o g e n a t i o n to a f f o r d a t e t r a -
hydroabieti.c a c i d , the s t e r e o c h e m i s t r y of w h i c h is a l s o u n k n o w n . The 
h y d r o g e n a t i o n of a 7 , 8-dihydroabieti.c a c i d u n d e r i d e n t i c a l c o n d i t i o n s 
y i e l d s a r a t e c o n s t a n t v a l u e i n t e r m e d i a t e to t h e o n e s o b t a i n e d for t he 
f i r s t a n d t h i r d p h a s e s of the r e d u c t i o n of a b i e t i c a c i d . 
The a p p a r e n t a c t i v a t i o n e n e r g i e s w e r e d e t e r m i n e d for the h y d r o ­
g e n a t i o n of A c i n t o l FA 2 , m e t h y l o l e a t e , a n d d i a m y 1 a m m o n i u m a b i e t a t e . 
T h e v a l u e s o b t a i n e d a r e 3*51 kca la/mole, 4.52 k c a l . / m o l e , a n d 5«35 
k c a l . / m o l e P r e s p e c t i v e l y . W h i l e t h e h y d r o g e n a t i o n of A c i n t o l FA 2 a n d 
o l e i c a c i d w e r e s h o w n t o p r o d u c e s t e a r i c a c i d , the p r o d u c t s f r o m t h e h a l f 
h y d r o g e n a t i o n or c o m p l e t e h y d r o g e n a t i o n of a b i e t i c a c i d w e r e n o t c h a r a c ­
t e r i z e d . T h i s w a s n o t a c h i e v e d , s i n c e s u i t a b l e c o n d i t i o n s w h i c h p e r ­
m i t t e d t h e s e p a r a t i o n of t h e m i x t u r e s of p r o d u c t s f o r m e d in t h e s e r e a c ­
t i o n s w e r e n o t f o u n d . 
1 
C H A P T E R I 
I N T R O D U C T I O N 
S i n c e the p u r p o s e of this r e s e a r c h w a s to c o n d u c t a study of t h e 
h y d r o g e n a t i o n of tall oil a n d some of its c o n s t i t u e n t s , it w o u l d be w e l l 
to c o n s i d e r f i r s t n o t only the o r i g i n a n d c o m p o s i t i o n of tall oil b u t 
a l s o s o m e t h i n g of the t h e o r y of h e t e r o g e n e o u s c a t a l y s i s . 
T h e f i e l d of h e t e r o g e n e o u s c a t a l y s i s for m a n y y e a r s w a s l i t t l e 
m o r e t h a n a n a r t . A s r e p o r t s of t h e u t i l i z a t i o n of t h i s a r t e x p a n d e d in 
n u m b e r a n d t e c h n i q u e s b e g a n to be m o r e s t a n d a r d i z e d , so t h a t d a t a c o u l d 
be c o m p a r e d , the a r t a c q u i r e d m o r e a n d m o r e of t h e c h a r a c t e r i s t i c s of a 
s c i e n c e . W h i l e m u c h w o r k has b e e n ^ d o n e in a n e f f o r t to f u r t h e r the 
u n d e r s t a n d i n g of this f i e l d as a s c i e n c e , it s t i l l r e m a i n s in its i n ­
f a n c y . A t this t i m e , t h e r e is no s i n g l e t h e o r y w h i c h e x p l a i n s all h e t e r o ­
g e n e o u s c a t a l y t i c p h e n o m e n a , b u t t h e r e is a q u a l i t a t i v e u n d e r s t a n d i n g of 
the p r o c e s s e s , E m m e t t (l) h a s e d i t e d a s e r i e s of v o l u m e s w h i c h g i v e 
d e t a i l e d c o n s i d e r a t i o n to the s u b j e c t of c a t a l y s i s , and t h i s s o u r c e s h o u l d 
be c o n s u l t e d for a m o r e c o m p r e h e n s i v e d i s c u s s i o n of the t h e o r i e s a n d 
p r a c t i c e s of h e t e r o g e n e o u s c a t a l y s i s . 
In o r d e r to e x p l a i n w h a t m a y o c c u r in the v a r i o u s p r o c e s s e s t h a t 
lead to c h e m i c a l r e a c t i o n v i a h e t e r o g e n e o u s c a t a l y s i s , s o m e u n d e r s t a n d i n g 
of the a c t i o n t a k e n by t h e c a t a l y s t m u s t be h a d . I t is o b v i o u s t h a t s o m e ­
t h i n g v e r y i m p o r t a n t m u s t o c c u r a t the c a t a l y s t s.urface, s i n c e r e a c t i o n s 
(l) P, E m m e t t , C a t a l y s i s , V o l s , I - V I I , R e i n h o l d P u b l i s h i n g C o r p , , 
N e w Y o r k , N- Y., 1954-1960, 
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w h i c h do n o t a p p e a r to p r o c e e d a t an a p p r e c i a b l e r a t e in t h e a b s e n c e of 
c a t a l y s t s m a y b e c a u s e d to p r o d u c e e x c e l l e n t y i e l d s of p r o d u c t s by t h e 
p r e s e n c e of a s u i t a b l e c a t a l y s t . It t h e n s e e m s r e a s o n a b l e t h a t a n i n ­
t e r a c t i o n of t h e r e a c t a n t m o l e c u l e s m u s t o c c u r a t the c a t a l y s t s u r f a c e 
a n d t h a t this i n t e r a c t i o n e n e r g e t i c a l l y f a v o r s t h e f o r m a t i o n of the p r o ­
d u c t . 
The m o s t g e n e r a l l y a c c e p t e d e x p l a n a t i o n of t h e i n t e r a c t i o n w h i c h 
r e s u l t s in p r o d u c t i o n of the p r o d u c t in h e t e r o g e n e o u s c a t a l y t i c s y s t e m s 
is b a s e d u p o n t h e t h e o r y t h a t one or m o r e of t h e r e a c t i n g m o l e c u l e s a r e 
a d s o r b e d u p o n t h e c a t a l y s t s u r f a c e . A d s o r p t i o n is a p r o c e s s in w h i c h 
the m o l e c u l e s of one m a t e r i a l b e c o m e c o n c e n t r a t e d u p o n t h e s u r f a c e of 
a n o t h e r . T h i s c a n o c c u r b e t w e e n a gas a n d a l i q u i d ^ b e t w e e n t w o i m m i s ­
c i b l e l i q u i d s 9 b e t w e e n a gas a n d a s o l i d , b e t w e e n a l i q u i d a n d a s o l i d , 
a n d b e t w e e n t h e c o m p o n e n t s of a s o l u t i o n a n d a s o l i d . In c a t a l y t i c h y d r o -
g e n a t i o n s the a d s o r p t i o n f r e q u e n t l y o c c u r s b e t w e e n the c o m p o n e n t s of a 
s o l u t i o n a n d a s o l i d . I t has b e e n s h o w n t h a t t w o d i f f e r e n t k i n d s of 
a d s o r p t i o n o c c u r . T h e s e a r e k n o w n as p h y s i c a l a d s o r p t i o n a n d c h e m i s o r p -
t i o n . 
P h y s i c a l a d s o r p t i o n a r i s e s b e c a u s e of p h y s i c a l f o r c e s w h i c h a t ­
t r a c t the two i n v o l v e d m a t e r i a l s a n d m a i n t a i n t h e m a t some r e l a t i v e l y 
s m a l l a n d c o n s t a n t d i s t a n c e f r o m e a c h o t h e r . T h e s e f o r c e s c o r r e s p o n d to 
v a n d e r W a a l s f o r c e s a n d this t y p e of a d s o r p t i o n is r e f e r r e d to as v a n 
d e r W a a l s a d s o r p t i o n . A s m i g h t be e x p e c t e d on t h e b a s i s of the r e l a t i o n ­
s h i p b e t w e e n the p h y s i c a l a d s o r p t i o n f o r c e s a n d v a n d e r W a a l s f o r c e s , 
the h e a t e v o l v e d d u r i n g the o c c u r r e n c e of p h y s i c a l a d s o r p t i o n of a g a s 
on a s o l i d s u r f a c e is u s u a l l y v e r y n e a r l y the s a m e as t h e h e a t of l i q u e ­
f a c t i o n of t h e g a s . T h i s is f r e q u e n t l y f o u n d to b e only a few h u n d r e d 
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c a l o r i e s p e r m o l e . T h e r e f o r e , p h y s i c a l a d s o r p t i o n is t h o u g h t to h a v e no 
g r e a t i m p o r t a n c e in c o n n e c t i o n w i t h h e t e r o g e n e o u s c a t a l y t i c r e a c t i o n s . 
C h e m i s o r p t i o n d e r i v e s its n a m e f r o m t h e c h e m i c a l b o n d - l i k e f o r c e s 
w h i c h are c h a r a c t e r i s t i c d u r i n g its o c c u r r e n c e . T h e h e a t e v o l v e d in t h i s 
p r o c e s s v a r i e s f r o m t e n to one h u n d r e d ;kilocalories p e r m o l e d e p e n d i n g 
u p o n t h e i n t e r a c t i n g m a t e r i a l s . T h i s is of t h e s a m e o r d e r of m a g n i t u d e 
as the h e a t of c o n v e n t i o n a l c h e m i c a l b o n d f o r m a t i o n . T h i s s u g g e s t s t h a t 
c h e m i c a l b o n d i n g f o r c e s are r e s p o n s i b l e for m a i n t a i n i n g the a d s o r b e d 
m o l e c u l e s a t some s m a l l d i s t a n c e f r o m t h e c a t a l y s t s u r f a c e . F u r t h e r m o r e , 
it is i m p l i e d t h a t the a d s o r b e d m a t e r i a l is g r e a t l y c h a n g e d c h e m i c a l l y . 
The c h e m i c a l r e a c t i v i t y c o u l d be g r e a t l y i n c r e a s e d to g i v e r i s e to a 
f a v o r a b l e r e a c t i o n c o n d i t i o n or c o u l d be g r e a t l y d e c r e a s e d w h i c h w o u l d 
c o r r e s p o n d to a c a s e of c a t a l y s t p o i s o n i n g . L a n g m u i r ( 2 ) p r e d i c t e d t h a t 
c h e m i s o r p t i o n c o u l d give r i s e to only u n i m o l e c u l a r l a y e r s of a d s o r b e d 
m a t e r i a l on s u r f a c e s of a n o t h e r p h a s e . T h i s h as b e e n d e m o n s t r a t e d by 
R o b e r t s ( 3 ) w h o f o u n d t h a t the n u m b e r of h y d r o g e n a t o m s a d s o r b e d u p o n a 
t u n g s t e n s u r f a c e w a s v e r y n e a r l y equal to the n u m b e r of t u n g s t e n a t o m s 
a v a i l a b l e . 
In h e t e r o g e n e o u s c a t a l y s i s like in o t h e r r e a c t i o n s y s t e m s , the 
r a t e of the r e a c t i o n w h i c h occurs^ is d e t e r m i n e d by a s e r i e s of s t e p s . 
O n e of t h e s e s t e p s is s i g n i f i c a n t l y s l o w e r t h a n t h e o t h e r s a n d is t e r m e d 
the r a t e c o n t r o l l i n g s t e p or the s l o w s t e p . It is t h e r a t e of t h i s s t e p 
w h i c h is m e a s u r e d w h e n t h e r a t e of the r e a c t i o n is m e a s u r e d . In the 
case of c a t a l y t i c h y d r o g e n a t i o n , t h e r e are s e v e r a l s t e p s or o c c u r r e n c e s 
( 2 ) I. L a n g m u i r , J . A m . C h e m . S o c . , 3 8 , 2 2 1 ( ' 1 9 1 6 ) . 
( 3 ) J . R o b e r t s , P r o c . R o y a l S o c , A 1 5 2 , W~> ( 1 9 3 5 ) . 
w h i c h must, c o m e a b o u t b e f o r e the o v e r a l l r e a c t i o n t a k e s p l a c e or is c o n ­
s i d e r e d c o m p l e t e - F i r s t , it is n e c e s s a r y t h a t t h e r e a c t a n t s r e a c h t h e 
v i c i n i t y of the c a t a l y s t s u r f a c e . It is n e x t r e q u i r e d t h a t one or m o r e 
of t h e m b e c o m e a d s o r b e d u p o n the c a t a l y s t so t h a t the c o r r e c t g e o m e t r y 
or a f a v o r a b l e e n e r g e t i c s i t u a t i o n e x i s t s to p e r m i t t h e r e a c t i o n to o c c u r . 
I t is t h e n n e c e s s a r y t h a t the r e a c t a n t s u n d e r g o the r e a c t i o n or c o m b i n e 
in h y d r o g e n a t i o n r e a c t i o n s . F i n a l l y , in o r d e r to p e r m i t the c o n t i n u a t i o n 
of the r e a c t i o n , t h e p r o d u c t m o l e c u l e f o r m e d in t h i s c o m b i n a t i o n m u s t be 
d e s o r b e d f r o m t h e c a t a l y s t s u r f a c e , e n a b l i n g s u b s e q u e n t u s e of the s u r ­
face by o t h e r r e a c t a n t m o l e c u l e s . 
In t h e f i r s t of t h e s e r e q u i r e m e n t s , a m a t e r i a l w h i c h is to be 
h y d r o g e n a t e d in s o l u t i o n in the p r e s e n c e of the c a t a l y s t m u s t c o m e n e a r 
the c a t a l y s t surface, by the m o v e m e n t of, its d i s s o l v e d m o l e c u l e s t h r o u g h 
t h e s o l u t i o n . The same Is true for g a s e o u s h y d r c g e n d i s s o l v e d in the 
s o l v e n t . T h a t is to say, the r e a c t a n t s m u s t d i f f u s e t h r o u g h the s o l u t i o n 
u n t i l they r e a c h the c a t a l y s t s u r f a c e . It is f r e q u e n t l y f o u n d t h a t t h e 
r a t e of the r e a c t i o n w i l l not be d e p e n d e n t u p o n t h e c o n c e n t r a t i o n of 
a c c e p t o r , s o long as s u f f i c i e n t a c c e p t o r is a v a i l a b l e to c o v e r the r e a c ­
t i o n s i t e s of t h e c a t a l y s t s u r f a c e . S i m i l a r l y , the r e l a t i v e c o n c e n t r a ­
t i o n of h y d r o g e n s h o u l d n o t v a r y g r e a t l y d u r i n g a h y d r o g e n a t i o n r e a c t i o n , 
s i n c e u s u a l l y the p r e s s u r e c h a n g e is n o t v e r y g r e a t . T h e r e f o r e , the 
s o l u b i l i t y of the g a s in the s o l v e n t . s h o u l d not. v a r y g r e a t l y . It is 
c o m m o n l y f o u n d , h o w e v e r , t h a t h y d r o g e n a t i o n r e a c t i o n s a r e k i n e t i c a l l y 
f i r s t . o r d e r w i t h r e s p e c t to h y d r o g e n . V i g o r o u s a g i t a t i o n of a h y d r o g e n a ­
t i o n s o l u t i o n in t h e p r e s e n c e of the. c a t a l y s t d u r i n g the p r o c e s s i n g of t h e 
r e a c t i o n m i n i m i z e s the o c c u r r e n c e of any d i f f e r e n c e s in d i f f u s i o n r a t e s . 
T h e s e c o n d r e q u i r e m e n t , t h a t t h e r e a c t a n t s m u s t be a d s o r b e d , c o u l d 
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t a k e s e v e r a l c o u r s e s d e p e n d i n g u p o n t h e n a t u r e of the c a t a l y s t a n d s u b -
s t r a t e . In some c a s e s the h y d r o g e n a d s o r p t i o n m i g h t be the r a t e c o n t r o l ­
ling s t e p , w h i l e in o t h e r s the a d s o r p t i o n of t h e s u b s t r a t e c o u l d be the 
r a t e c o n t r o l l i n g s t e p . It has b e e n s u g g e s t e d t h a t the h y d r o g e n a t i o n 
r e a c t i o n c o u l d o c c u r a f t e r b o t h h y d r o g e n a n d a c c e p t o r w e r e a d s o r b e d on 
a d j a c e n t s i t e s , a n d a l s o t h a t r e a c t i o n m i g h t o c c u r a f t e r only one of t h e 
r e a c t a n t s h a d b e e n a d s o r b e d a n d the s e c o n d in the s o l u t i o n h a d c o m e n e a r 
e n o u g h to the f i r s t to p e r m i t c o m b i n a t i o n . It is k n o w n , for e x a m p l e , 
t h a t a c a t a l y s t s u r f a c e m a y b e c o m e s a t u r a t e d in one r e a c t a n t , a n d the 
r e a c t i o n r a t e c o n s t a n t m a y be a f f e c t e d by t h i s . 1 
W i t h r e g a r d to the t h i r d r e q u i r e m e n t , it h a s b e e n p o s t u l a t e d t h a t 
one or t h e o t h e r r e a c t a n t s m a y be a d s o r b e d , a n d t h e n in its a c t i v a t e d 
s t a t e r e a c t s w i t h the o t h e r . A n o t h e r s u g g e s t i o n is t h a t the two r e a c ­
t a n t s are b o t h a d s o r b e d on a d j a c e n t c a t a l y s t s i t e s b e f o r e r e a c t i o n o c c u r s . 
S t i l l a n o t h e r p o s s i b i l i t y is t h a t the two r e a c t a n t s m a y b e c o m e a d s o r b e d 
on t h e c a t a l y s t surface, a n d t h e n m a y h a v e two d e g r e e s of t r a n s l a t i o n a l 
f r e e d o m so t h a t t h e i r m o v e m e n t on the c a t a l y s t c o u l d r e s u l t in t h e i r 
o c c u p y i n g a d j a c e n t s i t e s ..followed by the o c c u r r e n c e of the r e a c t i o n . I t 
is c o n c e i v a b l e t h a t any of t h e s e p r o c e s s e s c o u l d o p e r a t e in a g i v e n 
r e a c t i o n , a n d f u r t h e r m o r e , t h a t the m e c h a n i s m c o u l d c h a n g e as the c o n d i ­
t i o n s of the r e a c t i o n w e r e c h a n g e d . 
The e n e r g y of a c t i v a t i o n of h y d r o g e n a t i o n r e a c t i o n s m a y be d e t e r ­
m i n e d by f o l l o w i n g t h e c h a n g e in the reaction, r a t e c o n s t a n t r e s u l t i n g f r o m 
c h a n g e s in t h e t e m p e r a t u r e a t w h i c h the r e a c t i o n is c o n d u c t e d . S i n c e 
S e e b e l o w , p a g e 4 7 » 
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s e v e r a l of the o c c u r r e n c e s in a h y d r o g e n a t i o n r e a c t i o n h a v e e n e r g i e s of 
a c t i v a t i o n , t h e o b s e r v e d e n e r g y is only a n a p p a r e n t e n e r g y of a c t i v a t i o n . 
j 
If t h e m e c h a n i s m of a h y d r o g e n a t i o n r e a c t i o n v a r i e s w i t h t e m p e r a t u r e , t h e n 
it m a y be f o u n d t h a t the a p p a r e n t e n e r g y of a c t i v a t i o n v a r i e s a l s o . 
T h e r e are a t l e a s t t h r e e of the s t e p s w h i c h h a v e a c t i v a t i o n e n e r g i e s of 
s i g n i f i c a n t m a g n i t u d e . T h e s e axe the a d s o r p t i o n s t e p s , the r e a c t i o n 
s t e p , a n d the d e s o r p t i o n s t e p . 
The l a s t r e q u i r e m e n t t h a t the p r o d u c t of the h y d r o g e n a t i o n r e a c ­
t i o n m u s t be d e s o r b e d is n e c e s s a r y to t h e c o n t i n u a t i o n of the r e a c t i o n . 
It is n e c e s s a r y t h a t the p r o d u c t n o t only be d e s o r b e d , b u t a l s o d i f f u s e 
a w a y f r o m the c a t a l y s t s u r f a c e to p r o v i d e a c c e s s i b i l i t y to the s u r f a c e 
of o t h e r r e a c t a n t m o l e c u l e s . A g a i n , variations, in the r a t e of d i f f u s i o n 
of the p r o d u c t are m i n i m i z e d by k e e p i n g the h y d r o g e n a t i o n s o l u t i o n in 
c o n s t a n t motion.. If the p r o d u c t is v e r y r a p i d l y d e s o r b e d 2 t h e n t h i s 
f a v o r s some o t h e r s t e p in t h e r e a c t i o n s e q u e n c e b e i n g the r a t e d e t e r m i n g 
s t e p . O n t h e o t h e r h a n d , if the p r o d u c t is d e s o r b e d only s l o w l y , t h e n 
i,t m a y be the r a t e d e t e r m i n i n g s t e p . In s o m e cas;es, it is f o u n d t h a t the 
p r o d u c t is d e s o r b e d w i t h g r e a t d i f f i c u l t y w h i c h r e s u l t s in p o i s o n i n g of 
the c a t a l y s t s u r f a c e , p o i s o n i n g is m o r e f r e q u e n t l y c a u s e d by s o m e i m p u r ­
ity w h i c h is r e a d i l y a d s o r b e d b e i n g p r e s e n t in the r e a c t i o n s o l u t i o n . 
The i m p u r i t y o c c u p i e s r e a c t i o n s i t e s on the c a t a l y s t to t h e e x c l u s i o n 
of the d e s i r e d r e a c t a n t s a n d is d e s o r b e d v e r y s l o w l y . 
B e f o r e c o n s i d e r a t i o n of t h e h y d r o g e n a t i o n of t a l l o i l , a b r i e f d i s ­
c u s s i o n of its o r i g i n w o u l d be h e l p f u l to the u n d e r s t a n d i n g of t h i s t o p i c . 
In t h e p a p e r i n d u s t r y , the s o d a a n d s u l f a t e p r o c e s s e s are u s e d for the 
c o n v e r s i o n of w o o d p u l p c o n t a i n i n g c e l l u l o s e a n d o t h e r c a r b o h y d r a t e s , 
L i g n i n , r e s i n s , a n d fats into a p a p e r - m a k i n g p u l p w h i c h c o n t a i n s a m u c h 
h i g h e r p e r c e n t a g e of c e l l u l o s e t h a n the s t a r t i n g m a t e r i a l . In b o t h of 
t h e s e i n d u s t r i a l p r o c e d u r e s , the w o o d p u l p is d i g e s t e d a t h i g h t e m p e r a ­
t u r e s w i t h a m i x t u r e of a l k a l i a n d s u l f i d e . The c o o k i n g p r o c e s s c h a n g e s 
the u n d e s i r a b l e c o n s t i t u e n t s of t h e w o o d p u l p into w a t e r s o l u b l e m a t e r ­
ials w h i c h c a n b e w a s h e d out of t h e p u l p . The d a r k s o l u t i o n w h i c h r e ­
s u l t s is k n o w n as b l a c k l i q u o r a n d is c o n c e n t r a t e d by e v a p o r a t i o n of 
s o m e of the w a t e r . A f t e r c o n c e n t r a t i o n , t h e s o l u t i o n is a l l o w e d to cool 
to p r o d u c e a m i x t u r e of fatty a c i d a n d r e s i n a c i d s o a p s w h i c h s e p a r a t e 
as a b r o w n c u r d y . m a s s k n o w n as b l a c k l i q u o r soap,. T h i s m a t e r i a l is 
s k i m m e d o f f , a n d a f t e r b o i l i n g w i t h s u l f u r i c a c i d s o l u t i o n to c o n v e r t the 
s o d i u m s o a p s i n t o the free a c i d s , f o l l o w e d by c o o l i n g , a b r o w n oil 
s e p a r a t e s f r o m the s o l u t i o n . T h i s oil is c o m m o n l y k n o w n as tall o i l , a n d 
for m a n y y e a r s w a s d i s c a r d e d as w o r t h l e s s . In r e c e n t y e a r s , p a r t i c u l a r l y 
s i n c e the b e g i n n i n g of W o r l d W a r I I , t h i s m i x t u r e of o r g a n i c c h e m i c a l s 
has b e e n r e c o g n i z e d as a v a l u a b l e s o u r c e of fatty a c i d s a n d r o s i n s w h i c h 
c a n b e u s e d to a d v a n t a g e in the m a n u f a c t u r e of l i n o l e u m , s o a p s , d e g r e a s -
ing c o m p o u n d s , d i s i n f e c t a n t s , p a i n t s a n d v a r n i s h e s , g l o s s o i l s , e s t e r s , 
a n d c u t t i n g o i l s . 
The c o m p o s i t i o n of tall, oil v a r i e s d e p e n d i n g u p o n the p r o c e s s e s 
u s e d in its i s o l a t i o n , t h e s p e c i e s of the w o o d f r o m w h i c h it w a s d e ­
r i v e d , a n d t h e g e o g r a p h i c l o c a t i o n in which, the w o o d w a s g r o w n . G e n e r a l l y , 
it is f o u n d t h a t t a l l .oil w i l l c o n t a i n a p p r o x i m a t e l y 4 5 p e r c e n t f a t t y 
a c i d s , a p p r o x i m a t e l y 4 5 p e r c e n t r e s i n a c i d s , a n d a p p r o x i m a t e l y 1 0 p e r 
c e n t u n s a p o n i f i a b l e m a t e r i a l s . T h e p r i n c i p a l fatty a c i d is o l e i c a c i d 
a n d c o m p r i s e s a b o u t 5 0 per c e n t of the t o t a l fatty a c i d c o n t e n t . The 
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c o n j u g a t e d l i n o l e i c a c i d a n d u n c o n j u g a t e ^ ' i i n o l e i c a c i d a c c o u n t for a b o u t 
4 0 per c e n t of t he to t a l fatty a c i d s p r e s e n t , w i t h t h e r e m a i n i n g 16 p e r 
c e n £ c o n s i s t i n g of s a t u r a t e d fatty acids.. H a r r i s ( 4 ) h a s estimate©! t h e 
c o m p o s i t i o n of the r e s i n a c i d p o r t i o n of tall oil t o be a p p r o x i m a t e l y 3 0 
to AO p e r c e n t a b i e t i c a c i d , a p p r o x i m a t e l y .1.0 to 2 0 per c e n t n e o a b i e t i c , 
a p p r o x i m a t e l y . 1 4 p e r c e n t e a c h of d i h y d r o a b i e t i c a n d t e t r a h y d r o a b i e t i c 
a c i d s , ..with s m a l l p e r c e n t a g e s of d e h y d r o a b i e t i c a c i d , d e x t r o p i m a r i c a c i d , 
a n d is ©.dextropimaric a c i d c o n s t i t u t i n g t h e .remainder ©f the m i x t u r e . 
T h e UNSAP0NI.fia.ble m a t e r i a l s a r e p r e s e n t in ©nly c o m p a r a t i v e l y m i n o r 
.amounts a n d c o n s i s t - m a i n l y of t e r p e n i c h y d r o c a r b o n s , l o n g - c h a i n a l c o h o l s , 
a n d s t e r o l s . 
T h r o u g h t h e t e c h n i q u e of f r a c t i o n a l d i s t i l l a t i o n , tall ©il has 
b e e n s e p a r a t e d into f r a c t i o n s w h i c h a r e r i c h in e i t h e r fatty a c i d s or r e ­
sin a c i d s . This h a s r e s u l t e d in. i m p r o v e m e n t s in t he a p p l i c a t i o n of t h i s 
s o u r c e of r a w m a t e r i a l s . In o r d e r to i m p r o v e t h e a g i n g c h a r a c t e r i s t i c s , 
c h a n g e t h e p h y s i c a l p r o p e r t i e s , a n d e x t e n d t h e u s e of ta l l o i l , it is 
f r e q u e n t l y c a t a l y t i c a l l y hydjrogenated. F r o m a n i n d u s t r i a l s t a n d p o i n t , 
t h i s p r o c e s s h a s r e c e i v e d considerable., i n t e r e s t . M a n y p a t e n t s h a v e b e e n 
i s s u e d a n d a r t i c l e s w r i t t e n on t h e s u b j e c t of h y d r o g e n a t i o n of tall o i l . 
A l l of t h e d a t a a v a i l a b l e as a r e s u l t of this, h a v e s e r v e d to a i d the 
i n d u s t r y in i m p r o v i n g its p r o d u c t s ; b u t l i t t l e i f a n y t h i n g h a s b e e n d o n e 
w h i c h e x t e n d s t h e u n d e r s t a n d i n g of t he f u n d a m e n t a l c h e m i c a l c h a n g e s w h i c h 
o c c u r in t h i s p r o c e s s . S t u d i e s of the k i n e t i c b e h a v i o r of t h e h y d r o g e n a ­
t i o n r e a c t i o n s h a v e n o t b e e n c o n d u c t e d , a n d it a p p e a r s t h a t only q u a l i t a ­
t i v e k n o w l e d g e a b o u t the r e a c t i o n is a v a i l a b l e . 
GO G . H a r r i s , T A P P I M o n o g r a p h S e r i e s N o . 6 , 1 6 7 C 1 9 4 - 8 ) . 
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T h e h y d r o g e n a t i o n of tall oil h a s b e e n e x p l o i t e d i n d u s t r i a l l y , a n d 
the l i t e r a t u r e a b o u n d s w i t h i n v e n t i o n s i n v o l v i n g t h i s p r o c e s s . C a t a l y s t s 
a n d c o n d i t i o n s h a v e v a r i e d c o n s i d e r a b l y as w e l l as the n a t u r e of the 
p r o d u c t s d e r i v e d f r o m t h e p r o c e d u r e s , W e i n e r ( 5 ) has c o m p i l e d a b i b l i o ­
g r a p h y of the tall oil l i t e r a t u r e c o v e r i n g t h a t a v a i l a b l e t h r o u g h t h e e n d 
of 1 9 5 7 , 
P e r h a p s one of the m o s t s i g n i f i c a n t pieces; of i n f o r m a t i o n on the 
h y d r o g e n a t i o n of tall oil p r o v i d e d by the l i t e r a t u r e is t h a t the fatty 
a c i d c o n s t i t u e n t s r e p o r t e d l y h y d r o g e n a t e d p r e f e r e n t i a l l y to t h e r e s i n 
a c i d s ( 6 ) , It m i g h t be p r e s u p p o s e d t h a t t h i s w o u l d n e c e s s a r i l y i n d i c a t e 
t h a t t h e fatt y a c i d s of tall oil h y d r o g e n a t e d a t a g r e a t e r r a t e t h a n t h e 
r e s i n a c i d s . T h i s c o n c l u s i o n , h o w e v e r , c a n n o t b e m a d e o n the b a s i s of 
p r e f e r r e n t i a l h y d r o g e n a t i o n a l o n e . This is i l l u s t r a t e d t h r o u g h the 
ex a m p l e of t h e h y d r o g e n a t i o n of 3 - e t h y l - 2 - p e n t e n e a n d 1 , 1 - d i p h e n y l - l -
p r o p e n e . I n the h y d r o g e n a t i o n of t h e s e m a t e r i a l s on a p l a t i n u m s u r f a c e , 
the f i r s t c o m p o u n d w a s fo u n d to b e m o r e a c t i v e t h a n t h e s e c o n d c o m p o u n d , 
a n d in a d m i x t u r e it w a s h y d r o g e n a t e d p r e f e r e n t i a l l y . If p a l l a d i u m or 
R a n e y n i c k e l w a s u s e d as t h e c a t a l y s t , the r e a c t i v i t y w o u l d n o t be 
c h a n g e d , b u t the s e c o n d c o m p o u n d is k n o w n to h y d r o g e n a t e d p r e f e r e n t i a l l y 
to t h e f i r s t ( 7 ) . 
It is i n t e r e s t i n g to n o t e t h a t d u e to t h e m o r e d i f f i c u l t h y d r o -
( 5 ) Jo W e i n e r , T a l l O i l , B i b l i o g r a p h i c S e r i e s N o s , 1 3 3 - 1 3 5 , T h e 
I n s t i t u t e of P a p e r C h e m i s t r y , A p p l e t o n , W i s c o n s i n , 1 9 5 9 « 
( 6 ) A . T u r c k a n d J , R o s s , 4 J , S- P a t e n t , 2 , 3 8 9 - 2 8 4 ( N o v . 2 0 , 1 9 4 5 ) , 
C . A . , 40, 1 6 5 7 ( 1 9 4 6 ) , 
( 7 ) Bo C o r s o n in C a t a l y s i s , V o l , I I I , E d i t e d by P. E m m e t t , R e i n -
h o l d P u b l i s h i n g C o r p o r a t i o n , N e w Y o r k , N» Y . } 1 9 5 6 , p . 8 2 , 
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g e n a t i o n of the r e s i n a c i d s p r e s e n t i n tall, oil., the p r o d u c t s a r e r e n d e r e d 
less stable to d i s c o l o r a t i o n t h a n w o u l d be d e s i r e d o T h i s h a s b e e n i m p r o v e d 
u p o n by f i r s t t r e a t i n g tall oil w i t h a c a t a l y s t w h i c h w o u l d e f f e c t the 
d i s p r o p o r t i o n a t i o n of a b i e t i c a c i d into d i h y d r o a b i e t i c a c i d , t e t r a h y d r o -
a b i e t i c a c i d , a n d dehydroabi.e.tic a c i d , b e f o r e h y d r o g e n a t i n g the tall o i l . 
T h i s r e n d e r s tall oil less d i f f i c u l t to h y d r o g e n a t e a n d i n c r e a s e s the 
s t a b i l i t y of the p r o d u c t ( 8 ) . 
H y d r o g e n a t i o n of the f a t t y a c i d s of tall oil w o u l d be e x p e c t e d to 
p r o d u c e s t e a r i c a c i d as the p r o d u c t , s i n c e the, u n s a t u r a t e d a c i d s all 
p o s s e s s s t r a i g h t c h a i n s c o n t a i n i n g e i g h t e e n c a r b o n a t o m s . T h e h y d r o g e n a ­
t i o n of t h e s e i n d i v i d u a l a c i d s h a s b e e n s t u d i e d e x t e n s i v e l y w i t h r e g a r d 
to c o n d i t i o n s a n d c a t a l y s t s w h i c h are s u i t a b l e for t h e r e a c t i o n . T h e 
l i t e r a t u r e on t h i s s u b j e c t is too e x t e n s i v e for c o n s i d e r a t i o n h e r e i n . 
The r e s i n a c i d c o n s t i t u e n t s h a v e n o t r e c e i v e d as m u c h a t t e n t i o n 
w i t h r e g a r d to t h e i r h y d r o g e n a t i o n as h a v e the f a t t y a c i d s . The h y d r o g e ­
n a t i o n of a b i e t i c a c i d has b e e n i n v e s t i g a t e d by s e v e r a l w o r k e r s . O n e 
of the e a r l i e r r e p o r t s of the h y d r o g e n a t i o n of t h i s m a t e r i a l w a s by 
R u z i c k a a n d M e y e r ( 9 ) w h o f o u n d t h a t a d i h y d r o a b i e t i c a c i d m e l t i n g a t 
1 6 7 - 1 6 8 ° a n d h a v i n g a s p e c i f i c r o t a t i o n of - 1 2 ° w a s o b t a i n e d w h e n p l a t i n u m 
b l a c k w a s u s e d as c a t a l y s t in a l c o h o l . T h e s e w o r k e r s c l a i m e d t h a t the 
u t i l i z a t i o n of p l a t i n u m in a c e t i c a c i d s o l u t i o n c a u s e d t h e h y d r o g e n a t i o n 
of a b i e t i c a c i d to y i e l d a m i x t u r e of d i h y d r o a b i e t i c a c i d a n d t e t r a h y d r o -
a b i e t i c a c i d w h i c h m e l t e d a t 1 4 0 - 1 4 2 ° . A m o r e a c t i v e p l a t i n u m c a t a l y s t 
( 8 ) Ro D r e s s i e r , R . V i v i a n , a n d T . H a s s e l s t r o m , U . S. P a t e n t , 
2 , 3 7 1 , 2 3 0 ( M a r c h 1 3 , 1 9 4 5 ) , C . A . , 3 9 , 3 4 3 1 ( 1 9 4 5 ) . 
( 9 ) L t . R u z i c k a , a n d J . M e y e r , H e l v . C h i m . A c t a , 5 S 3 1 5 ( 1 9 2 2 ) . . 
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w a s f o u n d to c a u s e the s t a r t i n g a c i d to be c o n v e r t e d c o m p l e t e l y into a 
t e t r a h y d r o a b i e t i c a c i d ? m e l t i n g a t 1 3 7 - 1 3 9 ° » 
O t h e r w o r k e r s (lO) h a v e f o u n d t h a t r e d u c t i o n u s i n g p a l l a d i u m o n 
c a l c i u m c a r b o n a t e g i v e s a d i h y d r o a b i e t i c a c i d m e l t i n g a t L 6 6 - L 6 8 ° b u t 
h a v i n g a p o s i t i v e s p e c i f i c r o t a t i o n of + 1 0 . 3 ° . 
P a l l a d i u m c a t a l y s t o n c a r b o n h a s b e e n i n v e s t i g a t e d for,, the h y d r o ­
g e n a t i o n of a b i e t i c a c i d a t h i g h p r e s s u r e a n d was. f o u n d to t r a n s f o r m 
the s u b s t r a t e i n t o a d i h y d r o a b i e t i c a c i d w h i c h m e l t s a t 1 7 5 ° a n d h a s a 
s p e c i f i c r o t a t i o n of + 1 2 3 ° ( l l ) « > It w a s also r e p o r t e d t h a t w h e n p l a t i ­
n u m w a s u s e d in a l c o h o l s o l u t i o n , a b i e t i c a c i d w a s t r a n s f o r m e d i n t o a 
d i h y d r o a b i e t i c a c i d w h i c h m e l t e d a t 1 6 6 ° a n d h a d a s p e c i f i c r o t a t i o n of 
- 2 6 ° o T h i s a p p e a r s to be i d e n t i c a l to the m a t e r i a l o b t a i n e d by R u z i c k a 
a n d M e y e r u s i n g s i m i l a r c o n d i t i o n s as n o t e d a b o v e . 
M o s t r e c e n t l y , L o m b a r d ( L . 2 ) r e p o r t e d t h a t h y d r o g e n a t i o n of a b i e t i c 
a c i d w i t h n i c k e l c a t a l y s t a t r o o m t e m p e r a t u r e y i e l d s a d i h y d r o a b i e t i c 
a c i d m e l t i n g a t 1 4 - 3 ° a n d h a v i n g a s p e c i f i c r o t a t i o n of + 4 . 0 ° , The s a m e 
c a t a l y s t in e t h a n o l a t 1 3 0 ° is s a i d to c o n v e r t the p a r e n t a c i d i n t o a 
t e t r a h y d r o a b i e t i c a c i d . 
A l l of t h e s e r e p o r t s are w i t h o u t c o n c l u s i v e e v i d e n c e for the s t r u c ­
t u r e s of t h e p r o d u c t s o b t a i n e d . The p h y s i c a l c o n s t a n t s v a r y c o n s i d e r a b l y 
f r o m t h e r e p o r t of one g r o u p of w o r k e r s to t h a t of a n o t h e r . It a p p e a r s 
t h a t the only d i h y d r o a b i e t i c a c i d w h i c h is v e r y w e l l c h a r a c t e r i z e d is 
( 1 0 ) L , R u z i c k a a n d S, K a u f m a n n , I b i d , , 2^ . , 1 3 8 9 ( L 9 4 L ) o 
( 1 1 ) Ro L o m b a r d , B u l l . S o c , C h i m , , 1 1 , 5 2 6 ( 1 9 4 4 ) » 
( 1 2 ) L o c . c i t . 
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t h a t r e p o r t e d by R o y a l s ( I 3 ) » R e d u c t i o n of a b i e t i c a c i d w i t h l i t h i u m 
m e t a l in l i q u i d a m m o n i a y i e l d e d a. 7 , 8 - d i h y d r o a b i e t i c a c i d the s t e r e o ­
c h e m i s t r y of w h i c h is u n k n o w n . 
The p r o d u c t s w h i c h h a v e b e e n o b s e r v e d as 3?esults of h y d r o g e n a t i o n 
e x p e r i m e n t s are u n d o u b t e d l y m i x t u r e s a n d a p p a r e n t l y h a v e n o t b e e n a c ­
c u r a t e l y c h a r a c t e r i z e d . If one a s s u m e s the n o n i s o m e r i z a t i o n of the 
d o u b l e b o n d s of a b i e t i c a c i d a n d of any i n t e r m e d i a t e d i h y d r o a b i e t i c a c i d 
d u r i n g the full h y d r o g e n a t i o n of the p a r e n t acid., t h e r e w o u l d be four 
t e t r a h y d r o a b i e t i c a c i d i s o m e r s t h e o r e t i c a l l y p o s s i b l e . I s o m e r i z a t i o n 
of the d o u b l e b o n d s c o u l d l e a d to a l a r g e r n u m b e r of possibilities<» T h e r e 
a p p e a r s to h a v e b e e n no e f f o r t to c h a r a c t e r i z e the r e p o r t e d t e t r a h y d r o ­
a b i e t i c a c i d s . 
It h a s b e e n the p u r p o s e of t h i s r e s e a r c h to d e t e r m i n e the k i n e t ­
i c s of t h e h y d r o g e n a t i o n r e a c t i o n s of s e v e r a l t y p i c a l t a l l oil f r a c t i o n s , 
r i c h e i t h e r in f a t t y a c i d s or in r e s i n a c i d s . I t , a l s o w a s d e s i r e d to 
d e t e r m i n e the e f f e c t u p o n t h e r a t e c o n s t a n t v a l u e s of s e v e r a l of the 
v a r i a b l e s in the r e a c t i o n s , s u c h as a m o u n t of c a t a l y s t , a m o u n t of h y d r o ­
g e n a c c e p t o r , t e m p e r a t u r e , a n d n a t u r e of s o l v e n t s . It a l s o w a s i n t e n d e d 
to c o n d u c t a s i m i l a r study o n t h e h y d r o g e n a t i o n of a b i e t i c a c i d a n d 
o l e i c a c i d . A s h a s b e e n p o i n t e d o u t , t h e s e c o m p o u n d s a r e , r e s p e c t i v e l y , 
.the p r i n c i p a l r e s i n a c i d a n d fatty a c i d c o m p o n e n t s of tall o i l . 
( 1 3 ) E . R o y a l s , W . B a i l e y , a n d R . K e n n e d y , J . O r g . C h e m . , 2 3 , -
1 5 1 ( 1 9 5 8 ) . 
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C H A P T E R II 
D I S C U S S I O N O F E X P E R I M E N T A L R E S U L T S 
R e s u l t s of t h e H y d r o g e n a t i o n of Tall O i l F r a c t i o n s 
'i 
The study of the h y d r o g e n a t i o n of t a l l oil has b e e n c o n f i n e d 
p r i n c i p a l l y to a s e r i e s of f r a c t i o n s s u p p l i e d by t h e A r i z o n a C h e m i c a l 
C o m p a n y a n d d e s i g n a t e d by the c o m m e r c i a l n a m e " A c i n t o l s " . F o u r d i f ­
f e r e n t A c i n t o l s or tall oil f r a c t i o n s w e r e u s e d in the h y d r o g e n a t i o n 
e x p e r i m e n t s , a n d the c o m m e r c i a l s p e c i f i c a t i o n s of t h e s e m a t e r i a l s a r e 
g i v e n in T a b l e 1 . 
T a b l e 1 . T y p i c a l L o t S p e c i f i c a t i o n s of A c i n t o l s 
A c i n t o l A c i n t o l A c i n t o l A c i n t o l 
FA 1 FA 2 D P 
C o l o r ( G a r d n e r ) 8 6 + 8 1 7 
A c i d N u m b e r 1 9 1 1 9 4 1 9 0 5 0 
S a p o n i f i c a t i o n N u m b e r 1 9 4 1 9 6 1 9 3 1 1 0 
I o d i n e N u m b e r (Wijs) 1 3 8 1 2 9 1 6 4 1 3 8 
R e s i n A c i d s % 4 . 0 1 . 3 2 9 3 1 
U n s a p o n i f i a b l e s % 4 . 0 1 . 8 1 . 5 3 3 
F a t t y A c i d s % 9 2 9 7 6 9 3 3 
S p e c i f i c G r a v i t y 0 . 9 0 0 5 0 . 8 9 9 9 0 . 9 4 6 5 1 . 0 1 0 
H y d r o g e n a t i o n of A c i n t o l s 
A c i n t o l FA 1 . - - A c i n t o l FA 1 c o n t a i n s a p p r o x i m a t e l y 9 2 per c e n t f a t t y 
a c i d s w h i c h c o n s i s t of 4 p e r c e n t s a t u r a t e d a c i d s , 7 p e r c e n t l i n o l e i c 
a c i d ( A ^ ? 1 1 ) 9 3 9 p e r c e n t l i n o l e i c a c i d (A^' 1^), a n d 5 0 p e r c e n t o l e i c 
a c i d . T h e r e is a l s o p r e s e n t a small a m o u n t of u n s a t u r a t e d r e s i n a c i d s 
a n d u n s a p o n i f i a b l e s . .Samples of 6 . 0 0 g.. of this m a t e r i a l w e r e h y d r o -
g e n a t e d in 1 0 0 m l . of g l a c i a l a c e t i c a c i d u s i n g A d a m s ' p l a t i n u m c a t a l y s t . 
The r e s u l t s are t a b u l a t e d in T a b l e 2 . 
T a b l e 2 . H y d r o g e n a t i o n of A c i n t o l FA 1 
C a t a l y s t ? M e a n . _^ 
L o t W e i g h t , g. T e m p e r a t u r e k. x 1 0 m i n . / g . 
G C 
1 A 0 - 1 0 3 2 . 3 
2 A 0 . 1 0 3 3 . 6 
3 A 0 . 1 0 3 3 - 4 
R a t e c o n s t a n t s are c o r r e c t e d to 2 5 G C a n d to c a t a l y s t l o t C . 
A f t e r r e m o v a l of the c a t a l y s t by f i l t r a t i o n , t h e p r o d u c t w a s i s o ­
l a t e d by c r y s t a l l i z a t i o n f r o m the h e a t e d s o l u t i o n of t h e r e a c t i o n m i x t u r e . 
The p r o d u c t w a s r e c r y s t a l l i z e d f r o m e t h a n o l a n d d r i e d . T h e c r y s t a l s so 
o b t a i n e d w e r e f o u n d to h a v e a m e l t i n g p o i n t of 6 9 « 4 - ~ 7 0 . 4 G C . The p r i n c i ­
pal p r o d u c t of the h y d r o g e n a t i o n of A c i n t o l FA 1 is s t e a r i c a c i d , a n d 
f u r t h e r c h a r a c t e r i z a t i o n of the c r y s t a l s w a s n o t a t t e m p t e d . 
S i n c e A c i n t o l FA 1 a n d A c i n t o l FA 2 w e r e q u i t e s i m i l a r m a t e r i a l s , 
a d e t a i l e d s t u d y of the h y d r o g e n a t i o n of e a c h of t h e s e f r a c t i o n s w a s 
n o t c a r r i e d o u t . A c i n t o l FA 2 w a s c h o s e n as the f r a c t i o n for t h e m o r e 
d e t a i l e d s t u d y b e c a u s e of its s l i g h t l y s i m p l e r c o m p o s i t i o n . 
A c i n t o l FA 2 . - - T a b l e 1 s h o w s A c i n t o l FA 2 is 9 7 p e r c e n t fatty a c i d s . 
O f t h i s o n l y 2 per c e n t is s a t u r a t e d c o m p o u n d s , 6 p e r c e n t is l i n o l e i c 
9 1 1 9 1 2 (A ? ) . , 4 2 p e r c e n t is l i n o l e i c (A 9 ), a n d 5 0 p e r c e n t is o l e i c a c i d . 
R u n 
N u m b e r 
2 1 5 3 
2 2 4 6 
1 8 4 4 
1 5 
H y d r o g e n a t i o n in g l a c i a l a c e t i c a c i d . - - M o s t of t h e h y d r o g e n a t i o n s 
of A c i n t o l FA 2 u s e d 6 . 0 0 g. of t h e a c c e p t o r in 1 0 0 m l . of g l a c i a l a c e t i c 
a c i d w i t h A d a m s ' c a t a l y s t . S e v e r a l r u n s w e r e c a r r i e d o u t u s i n g d i f f e r e n t 
w e i g h t s of c a t a l y s t . The r e s u l t s a r e l i s t e d in T a b l e 3 a n d are i l l u s ­
t r a t e d g r a p h i c a l l y in F i g u r e 1 , p a g e 1 6 . 
T a b l e 3 » H y d r o g e n a t i o n of A c i n t o l FA 2 
R u n C a t a l y s t ; M e a n . _^ 
Nu m b e r L o t W e i g h t , g. T e m p e r a t u r e k x l O / m i n . / g . 
G C 
1 C 0 . 0 1 4 6 2 8 . 3 1 9 3 3 
2 C 0 . 0 2 0 3 2 8 . 3 3 7 6 3 
3 c 0 . 0 3 1 6 2 8 . 3 3 1 0 6 
4 c 0 . 0 4 1 6 2 8 . 3 3 2 1 0 
5 A 0 . 0 5 0 0 3 3 . 0 3 5 4 0 
6 A 0 . 0 5 0 0 3 3 o O 3 4 1 1 
7 A 0 . 0 5 0 0 3 3 . 0 2 8 9 7 
8 C 0 . 0 5 0 6 2 7 . 3 2 9 8 6 
9 C 0 . 0 6 0 5 2 7 . 3 2 9 4 7 
1 0 C 0 . 0 7 2 1 2 7 . 3 2 7 9 6 
1 1 C 0 , 0 7 9 1 2 9 . 0 2 4 6 3 
1 2 C 0 . 0 9 0 1 2 9 . 0 2 2 0 3 
1 3 A 0 . 1 0 0 0 3 1 - 3 2 1 1 0 
1 4 A 0 . 1 0 0 0 3 1 . 4 2 0 8 8 
1 5 A 0 . 1 0 0 0 3 1 . 6 2 0 7 8 
1 6 C 0 . 1 0 4 5 2 9 . 0 2 1 9 3 
1 7 C 0 . 1 1 1 9 2 8 . 9 1 8 0 3 
1 8 C 0 . 1 3 1 8 2 8 , 9 1 6 0 4 
1 9 A 0 . 1 5 0 0 3 4 . 0 1 4 9 3 
2 0 C 0 . 1 6 1 2 2 9 . 2 1 4 5 0 
2 1 C 0 . 1 9 7 0 2 9 . 6 1 2 2 7 
2 2 C 0 . 2 1 7 0 2 9 . 2 1 0 7 3 
2 3 C O . 2 9 9 O 2 9 . 0 8 7 6 
R a t e c o n s t a n t s a r e c o r r e c t e d to 2 5 G C a n d to c a t a l y s t lot C . 
The r a t e c o n s t a n t s w e r e o b t a i n e d by p l o t t i n g v a l u e s for log P G / P 
as o r d i n a t e s a g a i n s t v a l u e s for t i m e as a b s i c i s s a s . 1 F r o m t h e s l o p e of 
S e e b e l o w , p a g e 8 7 » 
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the straight, line o b t a i n e d ^ the r a t e c o n s t a n t w a s c a l c u l a t e d . In m o s t -
c a s e s , the s l o p e of the line c o u l d be q u i t e e a s i l y d r a w n , b u t w h e n v e r y 
small a m o u n t s of c a t a l y s t w e r e u s e d , the p l o t t e d d a t a d i d n o t fit a 
s t r a i g h t l i n e as w e l l as w a s d e s i r e d . This c o u l d be d u e to two f a c t o r s . 
W h e n small a m o u n t s of the s u r f a c e b e c o m e p o i s o n e d , the p e r c e n t a g e of 
a v a i l a b l e c a t a l y s t s u r f a c e has b e e n g r e a t l y d e c r e a s e d . O n t h e o t h e r 
h a n d , e r r o r s in w e i g h i n g the c a t a l y s t s a m p l e w o u l d be m u c h g r e a t e r p e r 
u n i t of w e i g h t in t h i s case t h a n w o u l d be e n c o u n t e r e d w h e n u s i n g a l a r g e 
w e i g h t , o f c a t a l y s t . R a t h e r p o o r r e p r o d u c i b i l i t y in t h e r a t e c o n s t a n t s 
r e s u l t e d f r o m t h i s o v e r a l l e f f e c t as is s h o w n by r u n s 5 , 6 i ) a n d 7 i n . 
T a b l e 3 . D e v i a t i o n s in the r a t e c o n s t a n t s o b t a i n e d f r o m t h e s e p l o t s w e r e 
as g r e a t as 8 p e r cento O n the o t h e r h a n d , d e v i a t i o n s of less t h a n 1 p e r 
c e n t w e r e n o t u n c o m m o n (see r u n s 1 3 , 14-« a n d 1 5 9 T a b l e 3 ) . 
The v a r i a t i o n of t h e r a t e c o n s t a n t p e r g r a m of c a t a l y s t in the c a s e 
of t h e h y d r o g e n a t i o n of A c i n t o l FA 2 is n o t u n c o m m o n . U s u a l l y , it is 
f o u n d t h a t a p l o t of d a t a s i m i l a r to t h a t s h o w n in T a b l e 3 for o t h e r h y -
d r o g e n a t i o n s w i l l y i e l d a c u r v e as is i l l u s t r a t e d in F i g u r e 2 , p a g e 1 8 . 
This f i g u r e m a y be u n d e r s t o o d by c o n s i d e r i n g q u a l i t a t i v e l y - w h a t 
o c c u r s in the h y d r o g e n a t i o n r e a c t i o n . In o r d e r for the c a t a l y t i c r e a c t i o n 
to o c c u r , b a s i c a l l y , the f o l l o w i n g t h i n g s m u s t take p l a c e : 
1 . H y d r o g e n m u s t r e a c h a n d b e a d s o r b e d on t h e c a t a l y s t s u r f a c e . 
2 . The s u b s t r a t e m u s t r e a c h a n d be a d s o r b e d on the c a t a l y s t s u r ­
f a c e . 
3 » T h e s u b s t r a t e a n d h y d r o g e n w h i c h a r e a d s o r b e d on the s u r f a c e 
m u s t u n d e r g o r e a c t i o n to y i e l d the h y d r o g e n a t e d p r o d u c t w h i c h is s t i l l 
a d s o r b e d on t h e c a t a l y s t . 
g. CATALYST 
Figure 2 . Typical Variation in Rate Constant Per Gram of Catalyst 
with Varying Weight Catalyst . 
1 9 
J+o The h y d r o g e n a t e d p r o d u c t m u s t be d e s o r b e d f r o m the c a t a l y s t 
s u r f a c e . 
In F i g u r e 2 , the p a r t of the c u r v e w h i c h is s t r a i g h t a n d p a r a l l e l 
to the c a t a l y s t w e i g h t a x i s r e p r e s e n t s a r a n g e of c a t a l y s t w e i g h t to 
a c c e p t o r w e i g h t w h e r e i n the r a t e is d i r e c t l y p r o p o r t i o n a l to t h e w e i g h t 
of c a t a l y s t . That, p o r t i o n of the c u r v e f o r l a r g e r w e i g h t s of c a t a l y s t 
r e p r e s e n t s a r a n g e of c a t a l y s t w e i g h t to a c c e p t o r w e i g h t w h e r e i n the r a t e 
c o n s t a n t is, n o l o n g e r d i r e c t l y p r o p o r t i o n a l to t h e w e i g h t of c a t a l y s t . 
U n d e r a c o n d i t i o n s u c h as t h i s , all of the a v a i l a b l e c a t a l y s t s u r f a c e is 
n o t b e i n g u s e d to its m a x i m u m c a p a c i t y . H e r e the r e a c t i o n w o u l d o c c u r , 
a n d the p r o d u c t w o u l d be d e s o r b e d , a n d r a t h e r t h a n m o r e r e a c t a n t s b e i n g 
i m m e d i a t e l y a d s o r b e d so t h a t r e a c t i o n c o u l d o c c u r , t h e c a t a l y s t s u r f a c e 
w o u l d be l e f t tp a w a i t the a p p r o a c h of a c c e p t o r a n d / o r h y d r o g e n m o l e c u l e s . 
T h i s is r e s p o n s i b l e for t h a t p a r t of the c u r v e in F i g u r e 2 w h i c h s e e m s 
to i n d i c a t e t h a t t h e v a l u e of k d e c r e a s e s w i t h i n c r e a i n g c a t a l y s t w e i g h t . 
The f i g u r e is c o n s t r u c t e d by p l o t t i n g k / g . a g a i n s t c a t a l y s t w e i g h t , h o w ­
e v e r , a n d s i n c e the v a l u e for k w o u l d a p p r o a c h a l i m i t i n g f a c t o r as 
d e s c r i b e d a b o v e , t h e n k / g . w o u l d d e c r e a s e as l a r g e r a m o u n t s of c a t a l y s t 
r 
w e r e u s e d . 1 
F i g u r e 1 s h o w s t h a t a r a n g e of c a t a l y s t w e i g h t s w a s n o t f o u n d in 
w h i c h the r a t e of h y d r o g e n a t i o n for A c i n t o l FA 2 w a s d i r e c t l y p r o p o r ­
t i o n a l to t h e c a t a l y s t w e i g h t . It w o u l d h a v e b e e n d e s i r a b l e to a l s o h a v e 
d a t a in the w e i g h t r a n g e of 0.00 g. to 0.02 g., but--the e x t r e m e l y small 
a m o u n t of c a t a l y s t u s e d in s u c h r u n s p r o d u c e s s t r a i g h t l i n e s only for 
t h e v e r y f i r s t p a r t of the r a t e c o n s t a n t p l o t 9 i n d i c a t i n g t h a t a t l o w 
a m o u n t s of c a t a l y s t , p o i s o n i n g e f f e c t s b e c o m e significant.''' 
'''See a b o v e , p a g e 17 . 
2 0 
It w o u l d h a v e b e e n d e s i r a b l e to h a v e m e a s u r e d t h e r a t e c o n s t a n t a t 
h i g h e r w e i g h t s of c a t a l y s t t h a n 0 . 3 0 g., b u t ( e v e n a t t h i s w e i g h t of 
c a t a l y s t the r a t e of the r e a c t i o n w a s so f a s t t h a t the r e a c t i o n w a s c o m ­
p l e t e a f t e r o n l y one a n d one h a l f m i n u t e s . T h i s n e c e s s i t a t e d m a k i n g 
r e a d i n g s of p r e s s u r e e v e r y f i f t e e n s e c o n d s on a g a u g e c a l i b r a t e d in s u c h 
a m a n n e r t h a t v a l u e s to t h e n e a r e s t 0 . 0 5 p . s . i . w e r e the b e s t o b t a i n a b l e . 
To c o m p l i c a t e the p r o b l e m f u r t h e r , t h e t o t a l d r o p in p r e s s u r e w a s o n l y 
a b o u t 2 . 7 5 p . s . i . For t h e s e r e a s o n s , the w e i g h t of 0 . 1 6 g. w a s s e l e c t e d 
as a c o n v e n i e n t c a t a l y s t w e i g h t to b e u s e d in o t h e r s t u d i e s in the h y d r o ­
g e n a t i o n of A c i n t o l FA 2 . 
In a d d i t i o n t o t h e a b o v e i n f o r m a t i o n , the d e p e n d e n c e of the r a t e 
c o n s t a n t u p o n t h e a m o u n t of a c c e p t o r p r e s e n t in t h e r e a c t i o n s o l u t i o n w a s 
v e r y b r i e f l y i n v e s t i g a t e d . R e s u l t s s h o w n in T a b l e 4 i n d i c a t e t h e r a t e is 
i n d e p e n d e n t of t h e c o n c e n t r a t i o n of A c i n t o l FA 2 . 
T a b l e 4 » H y d r o g e n a t i o n of A c i n t o l FA 2 in 1 0 0 m l . of G l a c i a l A c e t i c A c i d 
w i t h 0 . 1 0 g. of C a t a l y s t L o t A 
R u n M e a n R a t e CONSTANT 
N u m b e r W e i g h t of A c c e p t o r g . T e m p e r a t u r e ° C x l O ^ m i n . / g . 
1 3 6 . 0 0 3 1 . 3 2 1 1 0 
1 4 6 . 0 0 3 1 . 4 2 0 8 8 
1 5 6 . 0 0 3 1 . 6 2 0 7 8 
2 4 3 . 0 0 3 4 - 9 1 9 4 1 
R a t e c o n s t a n t s a r e c o r r e c t e d to 2 5 ° C a n d to c a t a l y s t lot C . 
Thi s t a b l e s h o w s t h a t t h e r e is n o s i g n i f i c a n t c h a n g e in t h e r a t e 
c o n s t a n t e v e n t h o u g h t h e c o n c e n t r a t i o n of a c c e p t o r v a r i e d two f o l d . 
2 1 
It w o u l d s e e m a p p r o p r i a t e a t th i s p o i n t to call a t t e n t i o n to t h e 
f a c t t h a t the d a t a o b t a i n e d in t h e h y d r o g e n a t i o n of A c i n t o l FA 1 v e r y 
c l o s e l y p a r a l l e l t h e a b o v e d a t a . T h e a v e r a g e r a t e c o n s t a n t , c o r r e c t e d 
to 2 5 ° C a n d to c a t a l y s t lot C , t i m e s lcAnin. ^/g° for t h e t h r e e r u n s g i v e n 
in T a b l e 2 is 2 0 6 L . T h i s is v e r y n e a r l y the s a m e as the v a l u e of 2 0 9 2 , 
the a v e r a g e of r u n s 1 3 , 1 4 « a n d 1 5 a b o v e in w h i c h o t h e r v a r i a b l e s w e r e 
k e p t c o n s t a n t . T h i s , of c o u r s e , w a s to be e x p e c t e d o n the b a s i s of the 
c h e m i c a l c o m p o s i t i o n of t h e s e two t a l l oil fatty a c i d f r a c t i o n s . 
V a r i a t i o n of t h e t e m p e r a t u r e of the r e a c t i o n m i x t u r e d u r i n g t h e 
h y d r o g e n a t i o n of A c i n t o l FA 2 . - - I n e x p e r i m e n t s a t r o o m t e m p e r a t u r e in 
w h i c h A c i n t o l FA 2 w a s h y d r o g e n a t e d in g l a c i a l a c e t i c a c i d u s i n g 0 . L 6 g. 
of A d a m s ' c a t a l y s t a n d six g r a m s of a c c e p t o r p e r 1 0 0 m l . of s o l u t i o n , it 
w a s f o u n d t h a t the h e a t of the h y d r o g e n a t i o n r e a c t i o n w a s g r e a t e n o u g h 
to i n c r e a s e the t e m p e r a t u r e of the r e a c t i o n m i x t u r e a b o u t e i g h t d e g r e e s , 
U s u a l l y , t h e h y d r o g e n a t i o n of t h e a c c e p t o r w a s c o m p l e t e b e f o r e t h e a p ­
p a r a t u s w a s f i n a l l y s t o p p e d , d i s a s s e m b l e d , and the final t e m p e r a t u r e 
m e a s u r e d . T h e v a l u e for the final t e m p e r a t u r e c o u l d b e m o r e a c c u r a t e l y 
e v a l u a t e d if t h e ti m e t h a t e l a p s e d b e t w e e n the e n d of the r e a c t i o n a n d 
the i n s t a n t a t w h i c h t h e final t e m p e r a t u r e w a s m e a s u r e d w a s a c c u r a t e l y 
k n o w n , a n d if the e f f e c t of the n a t u r a l c o o l i n g p r o c e s s u p o n t h e t e m p e r a ­
t u r e a t the e n d of the r e a c t i o n w a s k n o w n . 
The t i m e d i f f e r e n c e m e n t i o n e d a b o v e c o u l d be e a s i l y m e a s u r e d by 
r e c o r d i n g the time a t w h i c h the r e a c t i o n w a s b e g u n a n d the ti m e a t w h i c h 
the final t e m p e r a t u r e w a s m e a s u r e d . T h e ti m e a t w h i c h t h e r e a c t i o n w a s 
c o m p l e t e d c o u l d b e a s c e r t a i n e d f r o m the p l o t of J.og PQ/p-(- a g a i n s t t i m e . 
T h e e f f e c t of t h e n a t u r a l c o o l i n g u p o n t h e t e m p e r a t u r e of the-
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r e a c t i o n m i x t u r e , d u e to the l o w e r t e m p e r a t u r e of the s u r r o u n d i n g s , c o u l d 
be e v a l u a t e d by o b t a i n i n g c o o l i n g d a t a o n a h y d r o g e n a t i o n c o n t a i n e r f i l l ­
ed w i t h a s o l u t i o n t y p i c a l of t h o s e u s e d in t h e h y d r o g e n a t i o n experiments.j 
T h i s d a t a c o u l d be u s e d to d e t e r m i n e t h e c o o l i n g c o n s t a n t of N e w t o n ' s l a w 
of c o o l i n g , and t h i s be u s e d to c a l c u l a t e the r e a c t i o n m i x t u r e t e m p e r a ­
t u r e a t the e n d of the r e a c t i o n . 
T a b l e 5 l i s t s s e v e r a l r u n s in w h i c h t h e t e m p e r a t u r e a t the b e g i n ­
n i n g of the h y d r o g e n a t i o n , t h e t e m p e r a t u r e a t a r e c o r d e d time a f t e r the 
T a b l e 5 . H y d r o g e n a t i o n of S i x G r a m s A c i n t o l FA 2 in 1 0 0 m l . of G l a c i a l 
A c e t i c A c i d w i t h 0 . L 6 g. A d a m s ' P l a t i n u m O x i d e C a t a l y s t 
R u n 
N u m b e r 
T °K 
r m 
T 0 ° K T * ° K ( i f - T 0 ) <fc 
2 5 2 9 8 . 2 2 9 1 . 3 3 0 3 . 4 + 1 2 . 1 
2 6 2 9 8 . 0 2 9 1 . 8 3 0 2 . 6 + 1 0 . 8 
2 7 2 9 8 . 2 2 9 2 . 9 3 0 4 « 4 + 1 1 . 2 
2 8 2 9 7 . 8 2 9 8 . 5 3 0 7 . 3 + 8 . 8 
2 9 2 9 8 . 0 2 9 8 . 5 3 0 6 . 5 + 7 . 8 
3 0 2 9 6 . 5 2 9 8 . 6 3 0 6 . 2 + 7 . 6 
3 1 2 9 8 . 5 3 0 5 . 5 3 1 0 . 7 + 5 . 2 
3 2 2 9 8 . 2 3 0 9 . 6 3 1 1 . 4 + 1 . 8 
3 3 2 9 8 . 2 3 1 3 . 2 3 1 3 . 1 - 0 . 1 
3 4 2 9 8 . 2 3 1 8 . 2 3 1 7 . 5 - 0 . 7 
3 5 2 9 8 . 2 3 1 9 . 2 3 1 6 . 8 - 2 . 0 
T f is t h e c o r r e c t e d final t e m p e r a t u r e of the r e a c t i o n m i x t u r e . 
r e a c t i o n w a s c o m p l e t e , a n d the r o o m t e m p e r a t u r e w e r e a l l m e a s u r e d . A l s o 
l i s t e d in the t a b l e is t h e a d j u s t e d f i n a l t e m p e r a t u r e for e a c h r u n a n d 
the a m o u n t of c h a n g e in t h e t e m p e r a t u r e of the r e a c t i o n f r o m t = 0 to 
t = t i m e of c o m p l e t i o n of the r e a c t i o n . 
The m u c h g r e a t e r i n c r e a s e in t e m p e r a t u r e of the r e a c t i o n m i x t u r e 
for e x p e r i m e n t s in w h i c h t h e i n i t i a l t e m p e r a t u r e w a s c o n s i d e r a b l y b e l o w 
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r o o m t e m p e r a t u r e is q u i t e r e a s o n a b l e , s i n c e a t low s t a r t i n g t e m p e r a t u r e s 
t h e r e a r e two f a c t o r s w h i c h c o n t r i b u t e to t h e h i g h e r t e m p e r a t u r e of t h e 
s o l u t i o n a t t h e e n d of the h y d r o g e n a t i o n . These) a r e the h e a t i n g of t h e 
s o l u t i o n by the h e a t of the r e a c t i o n a n d t h e h e a t i n g of t h e s y s t e m by 
the h i g h e r t e m p e r a t u r e of the s u r r o u n d i n g s . A t s t a r t i n g t e m p e r a t u r e 
h i g h e r t h a n r o o m t e m p e r a t u r e , the n a t u r a l t r a n s f e r of h e a t f r o m the r e a c ­
t i o n m i x t u r e to t h e s u r r o u n d i n g s a n d the r i s e in t e m p e r a t u r e of the 
s y s t e m due to t h e h e a t of t h e r e a c t i o n w o u l d be o p e r a t i n g in o p p o s i t e 
d i r e c t i o n s , so t h a t the final t e m p e r a t u r e w o u l d n o t be as far r e m o v e d 
f r o m t h e i n i t i a l t e m p e r a t u r e as w a s the case in t h e p r e v i o u s l y c o n s i d e r e d 
e x a m p l e . 
F i g u r e 39 p a g e 25 9 c o n s i s t s of a g r a p h i c i l l u s t r a t i o n of the v a l u e s 
in T a b l e 5 for - T 0 p l o t t e d as o r d i n a t e s a n d the i n i t i a l t e m p e r a t u r e 
p l o t t e d as a b s c i s s a s . T h e d a t a w e r e s u c h t h a t a r e a s o n a b l y s a t i s f a c t o r y 
s t r a i g h t line for the p o i n t s on t h e g r a p h w a s d r a w n . T h i s is only a n a p ­
p r o x i m a t i o n of t h e t h e r m a l e f f e c t s of t h e s e h y d r o g e n a t i o n r e a c t i o n s . 
T h e r o r e t i c a l l y , as t h e v a l u e s of i n i t i a l t e m p e r a t u r e a r e e x t e n d e d o v e r a 
w i d e r r a n g e , the r e s u l t i n g p l o t w o u l d n o t be a s t r a i g h t l i n e . T h e v a l u e s 
for T^ - T 0 a t v e r y low t e m p e r a t u r e w o u l d be m u c h m o r e e x a g g e r a t e d t h a n 
w o u l d b e e n c o u n t e r e d on the s t r a i g h t l i n e . 
C o n s i d e r i n g t h e t h e r m a l e f f e c t s of t h e r e a c t i o n as a b o v e , the 
q u e s t i o n a r i s e s as to e x a c t l y w h a t t e m p e r a t u r e can be s a i d to be t h a t of 
a p a r t i c u l a r runj or m o r e a p p r o p r i a t e l y , w h a t is t h e a v e r a g e t e m p e r a t u r e 
of one of t h e s e h y d r o g e n a t i o n experiments'? © f c o u r s e t h e t e m p e r a t u r e is 
v a r i a b l e , as h a s b e e n i n d i c a t e d , b u t it is d e s i r a b l e to c o m p a r e t h e r a t e 
c o n s t a n t s of d i f f e r e n t r u n s w i t h t h o s e of o t h e r r u n s . C e r t a i n l y , the 
24 
i n i t i a l t e m p e r a t u r e c a n n o t be r e p o r t e d w i t h t h e r a t e c o n s t a n t r e p r e s e n t ­
ing any r e a l r e l a t i o n s h i p . O n the o t h e r h a n d , n e i t h e r the final n o r the 
c o r r e c t e d final t e m p e r a t u r e is a v e r y g o o d q u a n t i t y w i t h w h i c h t o r e p o r t 
the r a t e c o n s t a n t . S o m e i n t e r m e d i a t e temperature^ w o u l d be m o r e f i t t i n g 
for this p u r p o s e . In v i e w of the n a t u r e of the e x p e r i m e n t s , the q u a n t i ­
t i e s m e a s u r e d , a n d e s p e c i a l l y c o n s i d e r i n g the r a p i d i t y of the r e a c t i o n s 
w h i c h w e r e s t u d i e d , t h e m e a n t e m p e r a t u r e h a s b e e n c h o s e n as the v a l u e 
w i t h w h i c h to r e p o r t the r a t e c o n s t a n t s . A c o n s t a n t t e m p e r a t u r e b a t h 
c o u l d h a v e b e e n u s e d in t h e s e e x p e r i m e n t s , b u t s i n c e the r e a c t i o n w a s so 
f a s t and t h e r e a c t i o n b o t t l e s h a d s u c h thick w a l l s it is n o t likely t h a t 
h e a t t r a n s f e r w o u l d o c c u r r a p i d l y e n o u g h to p r o d u c e v e r y l a r g e g a i n in 
a c c u r a c y . 
D e t e r m i n a t i o n of t h e e n e r g y of a c t i v a t i o n of the h y d r o g e n a t i o n of 
A c i n t o l FA 2.--In s p i t e of the c h a n g e in the t e m p e r a t u r e of the r e a c t i o n 
m e d i u m d u r i n g the h y d r o g e n a t i o n , t h e d e t e r m i n a t i o n of the r a t e c o n s t a n t s 
w a s n o t as a f f e c t e d as m i g h t h a v e b e e n e x p e c t e d . T h e p l o t s of the d a t a 
o b t a i n e d f r o m the e x p e r i m e n t s y i e l d e d a v e r y g o o d s t r a i g h t line (see 
F i g u r e A). The v a l u e of t h e r a t e c o n s t a n t s w e r e f o u n d to i n c r e a s e as the 
m e a n t e m p e r a t u r e o f the r u n w a s i n c r e a s e d . It w a s p o s s i b l e , t h e r e f o r e , 
to u t i l i z e t h e A r r h e n i u s law to o b t a i n v a l u e s for the a p p a r e n t e n e r g y of 
a c t i v a t i o n of the r e a c t i o n s i n v o l v e d . 
The d e p e n d e n c e of the r a t e c o n s t a n t u p o n t h e m e a n t e m p e r a t u r e of 
the r e a c t i o n m i x t u r e is i l l u s t r a t e d in T a b l e 6 . T h e d a t a l i s t e d t h e r e i n 
w e r e u s e d to c a l c u l a t e a v a l u e of 3.51 k c a l . / m o l e for t h e h y d r o g e n a t i o n 
of A c i n t o l FA 2. 
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T a b l e 6 . H y d r o g e n a t i o n of 6 . 0 0 g . A c i n t o l FA 2 in 1 0 0 m l . of G l a c i a l 
A c e t i c A c i d w i t h 0 . 1 6 0 g. of A d a m s ' P l a t i n u m O x i d e C a t a l y s t L o t C 
R u n 
N u m b e r 
M e a n 
T e m p e r a t u r e 
° K 
X l O ^ m i n . Vg. k x l O ^ m i n . Vg.* 
2 5 2 9 7 . 4 1 4 5 0 1 4 7 5 
3 0 3 0 2 . 4 1 5 7 3 1 4 5 0 
2 8 3 0 2 . 9 1 6 4 8 1 5 0 4 
3 1 3 0 8 . 1 1 7 9 0 1 4 8 2 
3 2 3 1 0 . 5 1 8 8 7 1 5 2 2 
3 3 3 1 3 . 2 1 9 5 2 1 4 7 2 
3 4 3 1 8 . 6 2 1 3 8 1 4 6 6 
R a t e c o n s t a n t is g i v e n a t 2 5 °C? m e a n v a l u e 1 4 8 1 + 1 5 . 
H y d r o q e n a t i o n of A c i n t o l FA 2 in c y c l o h e x a n e a n d in 1 t e t r a h y d r o -
furan.---The h y d r o g e n a t i o n of A c i n t o l FA 2 w a s c a r r i e d out in c y c l o h e x a n e 
a n d in t e t r a h y d r o f u r a n as s o l v e n t s . A s w a s e x p e c t e d . the r a t e c o n s t a n t s 
for t h e s e r u n s w e r e c o n s i d e r a b l y l o w e r t h a n for r u n s in g l a c i a l a c e t i c 
a c i d as s o l v e n t . T a b l e 7 l i s t s t h e s e experiment's for c o m p a r i s o n w i t h 
the t y p i c a l r u n s in g l a c i a l a c e t i c a c i d , as p r e s e n t e d in the p r e c e d i n g 
t a b l e . A s c a n be s e e n f r o m t h e s e t a b l e s , t h e r u n s in t h e le s s a c i d i c 
s o l v e n t s g a v e r a t e c o n s t a n t v a l u e s w h i c h w e r e only, 55- to 6 0 p e r c e n t as 
g r e a t as t h o s e in a c e t i c a c i d . 
W h e n t e t r a h y d r o f u r a n or c y c l o h e x a n e w a s u s e d as s o l v e n t i n the 
h y d r o g e n a t i o n of A c i n t o l FA 2 , p o i s o n i n g e f f e c t s b e c a m e m o r e n o t i c e a b l e . 
T h e r a t e c o n s t a n t p l o t for t h e s e r u n s y i e l d e d a 'straight line i n i t i a l l y , 
a n d this w a s the p o r t i o n of the c u r v e s t a k e n as c o r r e c t . A s the r e a c ­
t i o n p r o c e e d e d , h o w e v e r , t h e c u r v e d e v i a t e d f r o m a s t r a i g h t l i n e a n d b e -
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g a n to a t t a i n a less p o s i t i v e s l o p e . T h i s w a s f o u n d to b e g i n a t a b o u t 
two m i n u t e s a n d a t a b o u t h a l f the t o t a l h y d r o g e n c o n s u m p t i o n a n d t o c o n ­
t i n u e to a b o u t five m i n u t e s w h e r e the u p t a k e of h y d r o g e n w a s e s s e n t i a l l y 
c o m p l e t e . 
T a b l e 7 . H y d r o g e n a t i o n of A c i n t o l FA 2 in 1 0 0 m l . S o l u t i o n w i t h 0 . 1 6 0 
g 0 A d a m s ' P l a t i n u m O x i d e C a t a l y s t 
R u n M e a n R a t e C o n s t a n t * 
N u m b e r S o l v e n t T e m p e r a t u r e
 x l O ^ m i n o ^ ^ / g . 
° K 
3 6 T e t r a h y d r o f u r a n 2 9 5 . 9 8 2 0 
3 7 T e t r a h y d r o f u r a n 2 9 5 . 9 8 3 3 
3 8 C y c l o h e x a n e 2 9 5 . 0 8 7 8 
3 9 C y c l o h e x a n e 2 9 5 - 3 8lZ> 
R a t e c o n s t a n t s a r e c o r r e c t e d to c a t a l y s t l o t C a n d to 2 5 Q C . 
T h e p r o d u c t of the h y d r o g e n a t i o n of A c i n t o l FA 2 o - - T h e h y d r o g e n a ­
t i o n s o l u t i o n of a t y p i c a l r u n w a s u s e d for t he i s o l a t i o n of tine p r o d u c t 
of the r e a c t i o n . T h e i s o l a t i o n w a s e f f e c t e d in a m a n n e r a n a l o g o u s to 
t h a t u s e d for t he r e c o v e r y of t h e p r o d u c t of the h y d r o g e n a t i o n of A c i n t o l 
FA 1 . The s o l i d c r y s t a l l i n e m a t e r i a l so o b t a i n e d w a s r e c r y s t a l l i z e d f r o m 
a l c o h o l a n d d r i e d . D e t e r m i n a t i o n of its m e l t i n g p o i n t g a v e a v a l u e of 
6 9 . 2 - 6 9 o 8 ° C . T h e p r o d u c t as i n d i c a t e d by its m e l t i n g p o i n t a n d as w o u l d 
h a v e b e e n e x p e c t e d f r o m the c o m p o s i t i o n of A c i n t o l FA 2 w a s s t e a r i c a c i d . 
T h i s is f u r t h e r e v i d e n c e d by i s o l a t i o n of t h e p r o d u c t f r o m a n o t h e r r u n , 
its e s t e r i f i c a t i o n w i t h m e t h a n o l , a n d s u b s e q u e n t c o m p a r i s o n of its g a s -
l i q u i d - p a r t i t i o n c h r o m a t o g r a m 1 w i t h t h a t of a n a u t h e n t i c s a m p l e of m e t h y l 
s t e a r a t e . 
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H y d r o g e n a t i o n of e s t e r i f i e d A c i n t o l FA 2 . - - A s a m p l e of A c i n t o l 
FA 2 w a s s u b j e c t e d to e s t e r i f i c a t i o n c o n d i t i o n s w i t h m e t h a n o l . T h e p r o ­
d u c t of t h i s r e a c t i o n w a s i s o l a t e d a n d h y d r o g e n a t e d . A q u a n t i t y of 6 . 3 4 
g. of the e s t e r s w a s d i s s o l v e d in a b o u t 9 4 m l , of g l a c i a l a c e t i c a c i d . 
T h e s o l u t i o n w a s f o u n d to h y d r o g e n a t e w i t h 0 . 1 6 g, of P t 0 2 c a t a l y s t to 
g i v e a r a t e c o n s t a n t c o r r e c t e d to 2 5 ° C of 1 0 7 5 x 1 0 ^ m i n , / g . T h e r a t e 
c o n s t a n t w a s c o r r e c t e d on t he a s s u m p t i o n t h a t the a p p a r e n t e n e r g y of 
a c t i v a t i o n for t h e s e e s t e r s w a s c o m p a r a b l e to t h a t of m e t h y l oleate."'' 
H y d r o g e n a t i o n of d i s t i l l e d tall oil ( A c i n t o l p ) . - - T a b l e 1 i n d i ­
c a t e s A c i n t o l D is only 6 9 p e r c e n t f a t t y a c i d s . T h e c h e m i c a l c o m p o s i t i o n 
of A c i n t o l D is s o m e w h a t h i g h e r in o l e i c a c i d c o n t e n t t h a n a r e A c i n t o l 
FA 1 a n d A c i n t o l FA 2 , The p e r c e n t a g e s of l i n o l e i c a c i d (A^'"^) a n d 
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l i n o l e i c a c i d (A ' ) in A c i n t o l D a r e 9 p e r c e n t a n d 3 7 p e r c e n t , 
r e s p e c t i v e l y , a n d it c o n t a i n s o n l y 3 p e r c e n t s a t u r a t e d fatty a c i d s . 
O n l y a few r u n s w e r e m a d e u s i n g A c i n t o l D as t h e h y d r o g e n a c c e p t o r 
s i n c e its h y d r o g e n a t i o n w a s so s i m i l a r to A c i n t o l FA - 2 . T a b l e 8 l i s t s 
t h e d a t a for t h e s e r u n s . 
T a b l e 8 . H y d r o g e n a t i o n of 6 , 0 0 g. A c i n t o l D i n 1 0 0 m l . of G l a c i a l A c e t i c 
A c i d w i t h 0 . 1 . 0 g. A d a m s 1 P l a t i n u m Oxide? C a t a l y s t 
R u n R a t e C o n s t a n t * 
N u m b e r M e a n T e m p e r a t u r e , °K
 X 1 0 ^ m i n . " V g « 
1 3 0 5 . 4 2 5 6 4 
2 3 0 5 . 7 2 3 4 0 
3 3 0 4 . 4 1 9 2 2 
R a t e c o n s t a n t s a r e c o r r e c t e d to 2 5 G C a n d c a t a l y s t l ot C. 
"''See b e l o w , p a g e 3 6 
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A l t h o u g h t h e r a t e c o n s t a n t s w e r e n o t v e r y r e p r o d u c i b l e , the r u n s 
i n d i c a t e d in T a b l e 8 h a v e an a v e r a g e r a t e c o n s t a n t of 0.2275° T h i s is 
in fairly g o o d a g r e e m e n t w i t h the a v e r a g e r a t e c o n s t a n t v a l u e of 0 , 2 1 1 0 
for the 0.10 g. P t 0 2 r u n s i n the h y d r o g e n a t i o n of A c i n t o l FA 2 . 
The t a b u l a r d e s c r i p t i o n of the h y d r o g e n a t i o n of all of t h e A c i n ­
t o l s c o n s i d e r e d thus far i n d i c a t e s the v e r y r e a d y n a t u r e of t h e s e m a t e ­
r i a l s to a c c e p t h y d r o g e n in g l a c i a l a c e t i c a c i d u s i n g A d a m s 5 p l a t i n u m 
c a t a l y s t . T h e e x p e r i m e n t s w h i c h w e r e c a r r i e d o u t u s i n g n o n - p o l a r s o l ­
v e n t s on A c i n t o l FA 2 y i e l d e d m u c h l o w e r r a t e c o n s t a n t s , as w a s to be 
e x p e c t e d , s i n c e g e n e r a l l y A d a m s ' c a t a l y s t s h o w s a m a r k e d i n c r e a s e in 
a c t i v i t y in a c i d i c s o l v e n t s » T h e r a p i d a b s o r p t i o n of h y d r o g e n by t h e s e 
tall oil f r a c t i o n s is c o n t r a s t e d by the r e s u l t s o b t a i n e d on t h e a t t e m p t e d 
h y d r o g e n a t i o n of a n o t h e r tall oil f r a c t i o n , A c i n t o l P, or tall oil p i t c h . 
A t t e m p t e d h y d r o g e n a t i o n of A c i n t o l P . - - I t w a s n o t p o s s i b l e to 
h y d r o g e n a t e A c i n t o l P in g l a c i a l a c e t i c a c i d d u e to its low s o l u b i l i t y 
in this s o l v e n t . T a b l e 9 s u m m a r i z e s the q u a l i t a t i v e s o l u b i l i t y c h a r a c ­
t e r i s t i c s of A c i n t o l P . The r e l a t i v e l y lew s o l u b i l i t y of A c i n t o l P i n 
T a b l e 9 « S o l u b i l i t y C h a r a c t e r i s t i c s of A c i n t o l P 
S o l v e n t C h a r a c t e r i s t i c S o l u b i l i t y 
W a t e r 
M e t h a n o l 
E t h a n o l 
A c e t o n e 
D i e t h y l e t h e r 
A c e t i c a c i d 
B e n z e n e 
C y c l o h e x a n e 
T e t r a h y d r o f u r a n 
I n s o l u b l e 
V e r y s l i g h t l y s o l u b l e 
V e r y s l i g h t l y s o l u b l e 
S o l u b l e 
S o l u b l e 
S l i g h t l y s o l u b l e 
V e r y s o l u b l e 
S l i g h t l y s o l u b l e 
V e r y s o l u b l e 
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m o s t of t h e s o l v e n t s t e n d s to m a k e the s t u d y of its h y d r o g e n a t i o n r a t h e r 
d i f f i c u l t . As. i n d i c a t e d in t h e t a b l e , the two s o l v e n t s in w h i c h A c i n t o l 
w a s fairly s o l u b l e , b e n z e n e a n d t e t r a h y d r o f u r a n , w e r e i n v e s t i g a t e d as p o s 
s i b l e h y d r o g e n a t i o n s o l v e n t s . In e x p e r i m e n t s in w h i c h 6,0 g, of A c i n t o l 
P w a s t r e a t e d in the u s u a l m a n n e r w i t h h y d r o g e n in the p r e s e n c e of 0,10 
g. of P t 0 2 in 50 m l , of t e t r a h y d r o f u r a n , t h e r e w a s no o b s e r v a b l e u p t a k e 
of h y d r o g e n . A l m o s t i d e n t i c a l r e s u l t s w e r e o b t a i n e d in the a t t e m p t e d u s e 
of b e n z e n e as s o l v e n t . The f a i l u r e of A c i n t o l P to a c c e p t h y d r o g e n w a s 
a l s o n o t e d w h e n e i t h e r g l a c i a l a c e t i c a c i d or small a m o u n t s of s u l f u r i c 
a c i d w a s a d d e d t o t h e t e t r a h y d r o f u r a n s o l u t i o n of the t a l l oil f r a c t i o n , 
A c i n t o l P w a s i n v e s t i g a t e d as p o s s i b l y c o n t a i n i n g t r a c e a m o u n t s 
of i n o r g a n i c c o m p o u n d s w h i c h m i g h t be r e s p o n s i b l e for p o i s o n i n g the h y d r o 
g e n a t i o n c a t a l y s t . A sample of t h e m a t e r i a l w a s e x t r a c t e d o v e r n i g h t w i t h 
w a t e r a n d the r e s u l t i n g a q u e o u s l a y e r w a s t e s t e d w i t h d i l u t e s o l u t i o n s 
of b a r i u m c h l o r i d e , s i l v e r n i t r a t e , l e a d c h l o r i d e , a n d w i t h l e a d c h l o r i d e 
t e s t p a p e r w i t h o u t o b t a i n i n g a s i n g l e p o s i t i v e t e s t . The s o l u t i o n w a s 
a l s o t e s t e d w i t h 5 p e r c e n t K M n O ^ ( a q u e o u s ) to y i e l d a p o s i t i v e t e s t . 
T h i s i n d i c a t e s , of c o u r s e , t h a t some m a t e r i a l w h i c h d i d n o t a d d b r o m i n e , 
a n d , c o n s e q u e n t l y , p r o b a b l y w o u l d n ' t a d d h y d r o g e n w a s e x t r a c t e d by the 
w a t e r , a n d t h a t A c i n t o l P c o n t a i n e d s o m e e a s i l y o x i d i z a b l e m a t e r i a l . 
In a n o t h e r e f f o r t to a s c e r t a i n if t h e tall oil p i t c h c o n t a i n e d 
c o m p o u n d s w h i c h c o u l d be r e s p o n s i b l e for c o n t a m i n a t i o n the c a t a l y s t s u r ­
face a n d t h e r e f o r e p r e v e n t r e d u c t i o n of the a c c e p t o r , s a m p l e s of the 
m a t e r i a l in b e n z e n e s o l u t i o n w e r e s h a k e n w i t h l a r g e q u a n t i t i e s of R a n e y 
n i c k e l c a t a l y s t f o r e x t e n d e d p e r i o d s of t i m e . T h i s s h o u l d h a v e r e s u l t e d 
in the a d s o r p t i o n of t h e u s u a l c a t a l y s t p o i s o n s w h i c h c o u l d h a v e b e e n 
p r e s e n t . A f t e r r e m o v a l of the n i c k e l , the A c i n t o l P w a s a g a i n t r e a t e d 
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w i t h h y d r o g e n in b e n z e n e s o l u t i o n in the p r e s e n c e of 0 . 1 0 g. of P t 0 2 . 
A g a i n , t h e h y d r o g e n a t i o n f a i l e d . It w a s d i s c o v e r e d , h o w e v e r , t h a t if 
s u c h a n a t t e m p t e d h y d r o g e n a t i o n w a s p e r m i t t e d to c o n t i n u e o v e r n i g h t , the 
p i t c h w o u l d a b s o r b some h y d r o g e n . T h e q u a n t i t y of h y d r o g e n w a s e q u i v a ­
l e n t to a b o u t 0 . 0 1 4 m o l e s . If one a s s u m e s an a v e r a g e m o l e c u l a r w e i g h t 
of 3 0 0 for the c o m p o u n d s w h i c h c o n s t i t u t e A c i n t o l P, t h e n 6 . 0 g. of t h i s 
m a t e r i a l w o u l d c o n t a i n 0 . 0 2 m o l e s of the c o m p o u n d s . F u r t h e r , if e a c h 
c o m p o u n d is a s s u m e d to c o n t a i n one d o u b l e b o n d , t h e n t h e r e s h o u l d h a v e 
b e e n a n u p t a k e of h y d r o g e n w h i c h c o r r e s p o n d s to t h i s n u m b e r of m o l e s . 
The i n i t i a l f a i l u r e to a c h i e v e t h i s in t h e s e e x p e r i m e n t s a n d t h e n t h e 
a p p r o a c h to this v a l u e a f t e r t r e a t m e n t w i t h R a n e y n i c k e l i n d i c a t e s t h a t 
e i t h e r t h e r e is e n o u g h c a t a l y s t p o i s o n s in A c i n t o l P to r e n d e r it im­
p r a c t i c a l to h y d r o g e n a t e , or t h a t the c a t a l y s t is b e i n g r e n d e r e d i n e f ­
f e c t i v e in some o t h e r m a n n e r . T h i s l a s t s t a t e m e n t is b a s e d u p o n t h e o b ­
s e r v a t i o n t h a t in a l m o s t e v e r y c a s e of the a t t e m p t e d h y d r o g e n a t i o n of 
A c i n t o l P, t h e c a t a l y s t w a s c o n t a i n e d in the h y d r o g e n a t i o n b o t t l e as a 
gummy m a s s w h i c h t e n d e d to a d h e r e to i t s e l f . T h u s , it is c o n c l u d e d t h a t 
the i n e f f e c t i v e n e s s of the c a t a l y s t w a s l i k e l y d u e to t h e m e c h a n i c a l t r a p ­
p i n g of t h e c a t a l y s t or s t r o n g a d s o r p t i o n of some c o m p o n e n t of the tall 
oil p i t c h . T h i s w a s f u r t h e r i n d i c a t e d in the f a c t t h a t a f t e r some of 
the a c i d i c m a t e r i a l s in tall oil p i t c h h a d b e e n e x t r a c t e d a n d t h e n s u b ­
j e c t e d to h y d r o g e n a t i o n c o n d i t i o n s as u s u a l , t h e y w e r e h y d r o g e n a t e d to 
s o m e e x t e n t o v e r a r e a s o n a b l e t i m e s p a n of a b o u t one h a l f to one h o u r . 
I t s h o u l d be n o t e d , h o w e v e r , t h a t t h e s e a c i d i c m a t e r i a l s w e r e e x t r a c t e d 
i n t o a c e t i c a c i d s o l u t i o n , a n d t h a t the r e s u l t i n g s o l u t i o n w a s h y d r o g e n ­
a t e d as s u c h . T h e m o s t f a v o r a b l e c o n d i t i o n f o u n d w a s t h a t of t h e 
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h y d r o g e n a t i o n in t h e u s u a l m a n n e r of 1.00 m l . of g l a c i a l a c e t i c a c i d e x ­
t r a c t of A c i n t o l P w i t h 0,10 g. of A d a m s ' c a t a l y s t . T h i s p a r t i c u l a r r u n 
y i e l d e d a n u p t a k e of h y d r o g e n e q u i v a l e n t to 0.01 m o l e s in only 28 m i n u t e s . 
T h i s d i d n o t p e r m i t the o b t a i n m e n t of a r a t e c o n s t a n t , h o w e v e r . 
H y d r o g e n a t i o n of T a l l O i l Rosin. 
Tall oil r o s i n w a s s u p p l i e d by W e s t V i r g i n i a P u l p a n d P a p e r C o . 
C o m p l e t e s p e c i f i c a t i o n s w e r e n o t a v a i l a b l e , b u t i t is k n o w n t h a t the 
m a t e r i a l c o n s i s t s p r i n c i p a l l y of v a r i o u s r e s i n a c i d i s o m e r s . The m a x i ­
m u m a m o u n t of f a t t y a c i d s p r e s e n t w a s 5 p e r c e n t . L a r g e r a m o u n t s of 
c a t a l y s t w e r e u t i l i z e d in the h y d r o g e n a t i o n of this t a l l oil f r a c t i o n 
t h a n in the A c i n t o l fatty a c i d f r a c t i o n s . B o t h a l c o h o l a n d a c e t i c a c i d 
w e r e i n v e s t i g a t e d a s s o l v e n t s for the r e a c t i o n , a n d the r a t e c o n s t a n t s 
g i v e n in T a b l e 10, p a g e 33, are for the i n i t i a l r a t e of h y d r o g e n a t i o n . 
D u e to the p r e s e n c e of p o i s o n s or p e r h a p s d u e to t h e f a c t t h a t t h e m a t e ­
r i a l c o n s i s t e d of a m i x t u r e of s e v e r a l i s o m e r i c r e s i n a c i d s , the p l o t s 
w e r e n o t as s a t i s f a c t o r y as d e s i r e d for t h e s e r u n s . I s o m e r i c r e s i n a c i d s 
w o u l d s h o w c o n s i d e r a b l e v a r i a t i o n in t h e i r h y d r o g e n a t i o n r a t e s , s i n c e the 
f u s e d r i n g s y s t e m of the p h e n a n t h r e n e type s t r u c t u r e c a n g i v e r i s e to 
l a r g e s t e r i c d i f f e r e n c e s in t h e s e c o m p o u n d s . The d i f f e r e n t p o s s i b l e p o ­
s i t i o n s for d o u b l e b o n d s in t h i s r i n g s y s t e m t o g e t h e r w i t h t h e e f f e c t s of 
cis a n d t r a n s r i n g f u s i o n w o u l d be r e s p o n s i b l e for t h e s e s t e r i c differences.- . 
A s t h e d a t a for r u n s 1, 2, 3, a n d 4 in T a b l e 10 i n d i c a t e , the a -
m o u n t of a c c e p t o r a v a i l a b l e in the hydrogenation. s o l u t i o n d o e s n o t a p ­
p e a r to h a v e a s i g n i f i c a n t e f f e c t u p o n the r a t e c o n s t a n t , a t l e a s t in the 
r a n g e of c o n c e n t r a t i o n s s t u d i e d . In t h i s r a n g e , t h e r e c e r t a i n l y s h o u l d 
h a v e b e e n e n o u g h a c c e p t o r a v a i l a b l e to k e e p the c a t a l y s t s u r f a c e s a t u r a t e d 
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T a b l e 1 0 . H y d r o g e n a t i o n of Tal l O i l R o s i n in 1 0 0 m l . S o l u t i o n w i t h 0 . 4 - 0 
g 0 A d a m s ' P l a t i n u m O x i d e C a t a l y s t L o t A 
R u n 
N u m b e r 
S o l v e n t 
A c c e p t o r 
W t . g . 
T e m p e r a t u r e 
o K k x l O ^ m i n . /^\ 
1 H O A c 1 2 . 0 0 3 0 1 o 6 4 5 9 
2 H O A c 1 2 . 0 0 3 0 2 . 8 4 1 1 
3 H O A c 6 . 0 0 3 0 3 0 2 4 1 1 
4 H O A c 6 . 0 0 3 0 6 . 5 4 5 3 
5 H O A c 6 . 0 0 2 9 8 . 5 6 4 3 
6 H O A c 6 . 0 0 3 0 3 . 0 5 1 9 
7 9 5 $ E t O H 6 . 0 0 3 0 0 . 2 2 4 2 
8 9 5 % E t O H * 6 . 0 0 3 0 6 . 6 5 4 2 
9 9 5 $ E t O H * 6 . 0 0 3 0 3 0 2 5 0 9 
1 0 9 5 $ E t O H * 6 . 0 0 3 0 3 . 4 5 0 6 
* 
R u n s 8 - 1 0 c o n t a i n e d s u l f u r i c a c i d a t a c o n c e n t r a t i o n of 0 . 0 2 - 0 . 0 3 
M. 
R a t e c o n s t a n t s a r e c o r r e c t e d to 2 5 ° C a n d c a t a l y s t lot B . 
or c o v e r e d to its c a p a c i t y . T h e e x p e r i m e n t s in a c e t i c a c i d s o l v e n t , 
i d e n t i f i e d as r u n s 5 a n d 6 , a p p e a r to be e n t i r e l y t o o l a r g e r e l a t i v e to 
t h e f i r s t f o u r r u n s l i s t e d . T h i s is d u e to t h e m a n n e r i n w h i c h they w e r e 
c o n d u c t e d . R u n 5 w a s c o n d u c t e d a f t e r the ,acceptor h a d b e e n a l l o w e d to 
s t a n d in t h e a c e t i c a c i d s o l u t i o n for t h r e e d a y s . T h e c a t a l y s t w a s a d d e d 
to t h e s o l u t i o n a n d h y d r o g e n a t i o n t h e n c a r r i e d o u t . R u n 6 w a s e x a c t l y 
the s a m e as r u n 5 e x c e p t t h a t the s o l u t i o n w a s h e a t e d to 1 1 0 ° C , a l l o w e d 
to cool to 6 0 ° , r e h e a t e d to 1 1 0 ° , a n d a l l o w e d to cool to r o o m t e m p e r a t u r e . 
A f t e r a d d i t i o n of t h e c a t a l y s t , h y d r o g e n a t i o n w a s c a r r i e d o u t in t h e 
u s u a l m a n n e r . T h e s e t w o r u n s g a v e r e s u l t s w h i c h a p p e a r t o be f u r t h e r 
a w a y f r o m t h e a v e r a g e v a l u e of t h e r a t e c o n s t a n t for r u n s 1 - 4 ( 4 3 4 x 1 0 ^ 
m i n . Vg°) t h a n c o u l d be c a u s e d b y e x p e r i m e n t a l e r r o r . T h e h i g h e r r a t e 
c o n s t a n t s o b t a i n e d for th e s e r u n s a r e u n d o u b t e d l y d u e to some c h a n g e in 
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the a c c e p t o r , p e r h a p s c a u s e d by the a c t i o n of the a c e t i c a c i d o T h i s 
c h a n g e c o u l d c a u s e the r a t e c o n s t a n t to be i n c r e a s e d if the n e w s u b ­
s t a n c e p r o d u c e d , h y d r o g e n a t e d m o r e r e a d i l y - I s o m e r i z a t i o n of t h e a c c e p ­
tor m o l e c u l e s c o u l d be c a u s e d by b o t h h e a t a n d a c i d a c t i o n , b u t b o t h of 
the a c t i o n s m i g h t l e a d to t h e f o r m a t i o n of d i f f e r e n t i s o m e r i c m i x t u r e s , 
w h i c h m a y h a v e s i g n i f i c a n t l y d i f f e r e n t r a t e s of hydrogenation.. 
A l l t h e h y d r o g e n a t i o n s w h i c h w e r e c o n d u c t e d in 9 5 p e r c e n t 
e t h a n o l w e r e n o t c a r r i e d o u t in the s a m e m a n n e r . R u n 7 w a s e x e c u t e d in 
a m a n n e r e x a c t l y a n a l o g o u s to r u n s 1 - 4 a n d to m o s t of the r u n s r e p o r t e d 
in t h i s t h e s i s - R u n s 8-10, h o w e v e r , all c o n t a i n e d small a m o u n t s of a d d ­
e d s u l f u r i c a c i d - R u n s 8 a n d 9 w e r e a p p r o x i m a t e l y 0 - 0 1 4 M in s u l f u r i c 
a c i d . N u m b e r 10 w a s a p p r o x i m a t e l y 0 . 028 M in s u l f u r i c a c i d . I t s h o u l d 
be n o t e d t h a t r u n s 9 a n d 10 w e r e c a r r i e d o u t a t v e r y n e a r l y the s a m e 
t e m p e r a t u r e s . I n s p i t e of the f a c t t h a t t h e v a l u e s l i s t e d in t h e t a b l e 
a r e c o r r e c t e d to 2 5 ° C , t h e s e c o r r e c t i o n s m a y n o t r e p r e s e n t the b a s e 
v a l u e s for the l i s t e d r a t e c o n s t a n t s . In the f i r s t p l a c e , t h e e n e r g y 
of a c t i v a t i o n u s e d in the c o r r e c t i o n s w a s t h a t o b t a i n e d for the h y d r o ­
g e n a t i o n of a b i e t i c a c i d , or m o r e e x a c t l y , for di.amy 1 a m m o n i u m a b i e t a t e 
in g l a c i a l a c e t i c a c i d s o l u t i o n . S i n c e in d i f f e r e n t s o l v e n t s t h e 
a c t i v i t y of t h e c a t a l y s t v a r i e s , t h e r e is n o c e r t a i n t y t h a t t h e a c t i v a ­
t i o n e n e r g y , w i l l be the same as t h e n a t u r e of t h e h y d r o g e n a t i o n m e d i u m 
is v a r i e d . T h i s w o u l d a p p e a r to b e e s p e c i a l l y t r u e if a d d e d m i n e r a l 
a c i d w e r e p r e s e n t , as in the c a s e of r u n s 9 a n d 1 0 . 
The p r o d u c t of the h y d r o g e n a t i o n in a c e t i c a c i d s o l u t i o n w a s i s o ­
l a t e d by p r e c i p i t a t i n g t h e w a t e r i n s o l u b l e m a t e r i a l s by the a d d i t i o n of 
w a t e r . A f t e r five r e c r y s t a l l i z a t i o n s , the p r o d u c t h a d a m e l t i n g p o i n t 
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of L 6 2 - L 6 5 ° C The p r o d u c t , a l t h o u g h r e c r y s t a l l i z e d s e v e r a l t i m e s , w a s 
no d o u b t a m i x t u r e of i s o m e r i c r e s i n a c i d s . N o a t t e m p t w a s m a d e to 
i s o l a t e i n d i v i d u a l c o m p o n e n t s of t h i s m i x t u r e , 
H y d r o g e n a t i o n of Tall O i l C o n s t i t u e n t s or T h e i r D e r i v a t i v e s 
It w a s c o n s i d e r e d of i n t e r e s t to i n v e s t i g a t e the h y d r o g e n a t i o n 
of some of t h e p r i n c i p a l c o n s t i t u e n t s of tall oil in a p u r e r f o r m t h a n 
w a s e n c o u n t e r e d in t h e v a r i o u s tall oil f r a c t i o n s u s e d i n t h e a b o v e e x ­
p e r i m e n t s . T h e p r i n c i p a l fatty a c i d in tall oil is o l e i c a c i d as i n d i -
1 2 
c a t e d a b o v e , w h i l e t h e m a j o r r e s i n a c i d is m o s t l i k e l y a b i e t i c a c i d . 
B e c a u s e of t h i s , t h e s e two a c i d i c c o m p o u n d s w e r e c h o s e n as t h e m o s t 
s u i t a b l e r e p r e s e n t a t i v e m a t e r i a l s for the s t u d y , 
H y d r o g e n a t i o n of O l e i c A c i d 
O l e i c a c i d w a s h y d r o g e n a t e d in g l a c i a l a c e t i c a c i d a n d in c y c l o ­
h e x a n e . T h e d a t a a r e l i s t e d in T a b l e 1 1 . The r a t e c o n s t a n t s for r u n s 1 
a n d 2 a r e n o t g r e a t l y d i f f e r e n t f r o m t h o s e o b t a i n e d for t h e h y d r o g e n a t i o n 
of A c i n t o l FA 1 a n d A c i n t o l FA 2 u s i n g the sa m e a m o u n t s of c a t a l y s t . It 
is a l s o s e e n by the v a l u e s g i v e n for r u n s 3 a n d /+ t h a t t h e y a r e a t least. 
o of t h e same o r d e r of m a g n i t u d e as t h o s e o b t a i n e d for the h y d r o g e n a t i o n 
of A c i n t o l FA 2 , 
1 n 
S e e a b o v e , p a g e < . 
2 
T h o u g h n o t a p r i m a r y r e s i n a c i d i t s e l f , a b i e t i c a c i d is f o r m e d 
, by i s o m e r i z a t i o n of t h e s e p r i m a r y a c i d s t h r o u g h t r e a t m e n t w i t h e i t h e r 
h e a t or a c i d ( 1 4 ) . D u r i n g t h e c o u r s e of t h e i r o r i g i n , t a l l oil r e s i n 
a c i d s are s u b j e c t e d to b o t h h e a t a n d a c i d t r e a t m e n t . 
( 1 4 - ) J . S i m o n s e n a n d D . B a r t o n , T h e T e r p e n e s . V o l , I I I , C a m b r i d g e 
a t t h e U n i v e r s i t y P r e s s , N e w Y o r k , N , Y , , 1 9 5 2 , p p . 3 7 9 - 3 S 1 . 
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T a b l e 1 1 . H y d r o g e n a t i o n of 6 . 0 0 g. O l e i c A c i d in 1 0 0 m l . S o l u t i o n w i t h 
0 . 1 0 g . of A d a m s ' P l a t i n u m O x i d e C a t a l y s t L o t A 
R u n M e a n . _^ 
N u m b e r S o l v e n t T e m p e r a t u r e k x 1 0 m i n . /g.' 
o K 
1 A c e t i c A c i d 3 0 3 . 2 1 9 8 5 
2 A c e t i c A c i d 3 0 2 . 6 1 9 1 1 
3 C y c l o h e x a n e 3 0 4 . 2 5 0 1 
4 C y c l o h e x a n e 3 0 3 . 9 3 3 3 
R a t e c o n s t a n t s a r e c o r r e x t e d to 2 5 C a n d c a t a l y s t lot C . 
H y d r o g e n a t i o n of M e t h y l O l e a t e 
The g r e a t e r e a s e of p u r i f i c a t i o n of the m e t h y l e s t e r of o l e i c 
a c i d andj its m o r e f a c i l e u s e in l i q u i d - v a p o r - p a r t i t i o n c h r o m a t o g r a p h y 
i d e n t i f i c a t i o n of t h e p r o d u c t , a l o n g w i t h the f a c t t h a t t h e r a t e of hydro­
g e n a t i o n w a s n o t e x p e c t e d to be g r e a t l y d i f f e r e n t f r o m t h a t of t h e p a r e n t 
a c i d m a d e this m a t e r i a l s e e m a p p r o p r i a t e for u s e in t h e d e t e r m i n a t i o n of 
the a c t i v a t i o n e n e r g y for the h y d r o g e n a t i o n of t h e d o u b l e b o n d in t he 
o l e i c a c i d m o l e c u l e . T a b l e 1 2 l i s t s t h e d a t a o b t a i n e d in s e v e r a l e x p e r i ­
m e n t s in t h e h y d r o g e n a t i o n of m e t h y l o l e a t e . T h e a b o v e d a t a y i e l d e d a 
v a l u e of 4 . 5 2 k c a l . / m o l e for t h e e n e r g y of a c t i v a t i o n of t h e h y d r o g e n a ­
t i o n of m e t h y l o l e a t e . 
The p r o d u c t of the h y d r o g e n a t i o n of m e t h y l o l e a t e w a s i s o l a t e d in 
som e of t h e r u n s l i s t e d b e l o w . A f t e r d r y i n g , the s o l i d m a t e r i a l o b t a i n e d 
h a d a m e l t i n g p o i n t of 3 9 » 4 - 4 - 0 . 4\°Co T h r o u g h c o m p a r i s o n of gas c h r o m a t o -
g r a m s , it w a s d e t e r m i n e d t h a t the p r o d u c t w a s m e t h y l s t e a r a t e . 
H y d r o g e n a t i o n of A b i e t i c A c i d 
A b i e t i c a c i d w a s i s o l a t e d f r o m t a l l oil r o s i n for u s e in m o s t of 
the r u n s c o n d u c t e d for this m a t e r i a l . T h e d a t a a r e s u m m a r i z e d in T a b l e 
3 7 
T a b l e 1 2 . H y d r o g e n a t i o n of 6 , 3 5 g» M e t h y l O l e a t e in 100 m l . of G l a c i a l 
A c e t i c A c i d w i t h 0.10 g . A d a m s ' P l a t i n u m O x i d e C a t a l y s t L o t C 
R u n N u m b e r M e a n T e m p e r a t u r e °K k x 10^4nin.~'''/g. 
1 2 9 3 o l 1 1 6 6 
2 2 9 3 - 2 1 1 U 
3 2 9 4 . 5 1 0 6 9 
4 2 9 9 . 7 1 2 3 4 
5 3 0 5 . B 1 1 2 2 
6 3 1 1 . 5 1 0 4 4 
7 3 1 9 . 5 1 1 7 7 
* R a t e c o n s t a n t s a r e c o r r e c t e d to 2 5 ° C ; m e a n v a l u e 1 1 32 + 41° 
1 3 . T h e h y d r o g e n a t i o n r a t e c o n s t a n t of a b i e t i c a c i d w a s only 0 . 0 3 5 0 
m i n . V'g. This is l o w e r t h a n t h e r a t e c o n s t a n t s o b t a i n e d for the h y d r o ­
g e n a t i o n of o l e i c a c i d or A c i n t o l FA 2 by a f a c t o r of five or s i x . D a t a 
for t h e h y d r o g e n a t i o n of t h e s e fatty a c i d c o m p o u n d s a r e n o t a v a i l a b l e 
for 0 . 4 © g. P t 0 2 w h i c h w a s u s e d for the e x p e r i m e n t s o n a b i e t i c a c i d . 
A s i d e f r o m t h e s l o w e r n a t u r e of t he r e a c t i o n in t h e cas e of a b i e ­
t i c a c i d , a n o t h e r p e c u l a r i t y w a s noted.''' W h e n the p l o t s of t he v a l u e s 
for log Po/P-t a g a i n s t t i m e w e r e m a d e , it w a s f o u n d t h a t the g r a p h s 
o b t a i n e d w e r e f i t t e d e a s i l y to a s t r a i g h t line a t t h e b e g i n n i n g of t h e 
c u r v e , b u t it t h e n b e g a n to d e v i a t e f r o m a s t r a i g h t l i n e as t he t i m e 
T a b l e 13° H y d r o g e n a t i o n of 6 . 0 0 g. A b i e t i c A c i d in 100 m l . of G l a c i a l 
A c e t i c A c i d w i t h A d a m s ' P l a t i n u m O x i d e C a t a l y s t L o t A 
R u n . - C a t a l y s t M e a n 4 -1 * 
N u m b e r W t . g. T e m p e r a t u r e °K k x 10 m i n . / g . 
1 0 . 4 0 2 9 6 . 8 3 4 3 
2 0 . 4 0 3 0 4 . 9 3 5 1 
3 0 . 4 0 2 9 6 . 8 3 4 B 
4 0 . 4 0 . 3 1 1 . 2 3 0 2 
5 0 . 8 0 2 9 7 . 2 2 9 0 
R a t e c o n s t a n t s a r e c o r r e c t e d to 2 5 ° C a n d c a t a l y s t l ot B . 
S e e F i g u r e 4 « p a g e 4 4 . 
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e l a p s e d , a n d f i n a l l y b e g a n to y i e l d a s e c o n d s t r a i g h t l i n e . T h i s l i n e 
h a d a s i g n i f i c a n t l y s m a l l e r s l o p e t h a n t h a t p a r t of the c u r v e u s e d to 
o b t a i n the v a l u e s p r e s e n t e d in T a b l e 13« T h e s e s m a l l e r s l o p e s y i e l d e d 
—/ — 1 
r a t e c o n s t a n t s on the o r d e r of 5-10 x .10 m i n . / g . This m a y be e x p l a i n e d 
on t h e b a s i s of a two s t e p p r o c e s s ; i.e., the p a r t i a l h y d r o g e n a t i o n of t h e 
a b i e t i c a c i d to an i n t e r m e d i a t e w h i c h o c c u r s a t a m o r e r a p i d r a t e a n d the 
s u b s e q u e n t h y d r o g e n a t i o n of the i n t e r m e d i a t e a t a v e r y m u c h s l o w e r r a t e . 
o 
T h i s same ef'fect w a s n o t e d in the h y d r o g e n a t i o n of di amy 1 a m m o n i u m a b i e t a t e . 
S i n c e a g r e a t e r v o l u m e of d a t a a r e a v a i l a b l e for d i a m y l a m m o n i u m a b i e t a t e , 
t h e c o n s i d e r a t i o n of this p h e n o m e n o n w i l l be d e a l t w i t h in t h e f o l l o w i n g 
d i s c u s s i o n . 
H y d r o g e n a t i o n of Di a m y 1 a m m o n i u m A b i e t a t e 
S i n c e it w a s f o u n d t h a t d i a m y l a m m o n i u m a b i e t a t e w a s p u r i f i e d m o r e 
e a s i l y t h a n a b i e t i c a c i d , a n d s i n c e the s a l t w o u l d be c o n v e r t e d i n t o the 
free a c i d u n d e r the c o n d i t i o n s (in g l a c i a l a c e t i c a c i d s o l u t i o n ) of t h e 
h y d r o g e n a t i o n e x p e r i m e n t s , it w a s u s e d in a h y d r o g e n a t i o n s t u d y . T h e 
p r e s e n c e of d i a m y l a m m o n i u m a c e t a t e in the h y d r o g e n a t i o n s o l u t i o n m a y h a v e 
a l t e r e d t h e a c t i v i t y of the c a t a l y s t , b u t it w o u l d not be e x p e c t e d to h a v e 
2 
h a d a v e r y l a r g e e f f e c t . F u r t h e r m o r e , a n e f f e c t p r o d u c e d by t h i s m a t e -
r i a l w o u l d be e x p e c t e d to b e c o n s t a n t t h r o u g h t h e s t u d y . 
Study of the i n i t i a l r e a c t i o n r a t e c o n s t a n t s for h y d r o g e n a t i o n in g l a c i a l 
a c e t i c a c i d . - - I n o r d e r to o b s e r v e the d e p e n d e n c e of t h e r e a c t i o n r a t e 
*See b e l o w , p a g e 4 2 • 
2 
C a t a l y t i c h y d r o g e n a t i o n h a s b e e n u s e d e x t e n s i v e l y to p r e p a r e 
a m i n e s , a n d it f o l l o w s t h a t the c a t a l y s t s u r f a c e is n o t r e n d e r e d i n e f f e c ­
t i v e by the p r e s e n c e of t h e s e m a t e r i a l s . 
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c o n s t a n t u p o n t h e w e i g h t of c a t a l y s t , a h y d r o g e n a t i o n s t u d y w a s c a r r i e d 
o u t o n d i a m y l a m m o n i u m a b i e t a t e i n glacial, a c e t i c a c i d u s i n g v a r y i n g 
a m o u n t s of A d a m s ' p l a t i n u m o x i d e c a t a l y s t . T h e d a t a o b t a i n e d f r o m t h i s 
i n v e s t i g a t i o n a r e l i s t e d in T a b l e 1 4 ° 
T a b l e 1 4 » H y d r o g e n a t i o n of 9 . 1 4 g° D i a m y l a m m o n i u m A b i e t a t e in 1 0 0 m l . 
of G l a c i a l A c e t i c A c i d U s i n g A d a m s ' P l a t i n u m O x i d e C a t a l y s t 
R u n C a t a l y s t C a t a l y s t T e m p e r a t u r e ,
 i n 4 • - 1 / * 
«x i T _i_ t.,-L n,, K x i v j min. / g « 
1 B 0.20 301.2 385 
2 B 0.30 301-2 394 
3 B 0.4.0 298.2 351 
4 A 0 . 4 0 300.4 300 
5 A 0 . 4 0 300.4 300 
6 A 0 . 4 0 300.5 297 
7 A 0 . 4 0 301.2 280 
8 A 0 . 4 0 299.4 274 
9 A 0 . 4 0 301-7 270 
10 B 0.50 301.2 286 
11 A 0.60 297.5 262 
12 B 0.60 301.2 260 
13 B 0.60 301.2 258 
R a t e c o n s t a n t s a r e c o r r e c t e d to 2 5 GC a n d c a t a l y s t l o t B . 
The f a i r l y g o o d r e p r o d u c i b i l i t y in t h e 0 . 4 0 g» r u n s s h o u l d b e 
n o t e d . T h e s e e x p e r i m e n t s , r u n s 3 - 9 , h a v e a n a v e r a g e v a l u e of 2 9 6 x 
1 0 ^ m i n . "Vg° w i t h a n a v e r a g e d e v i a t i o n of 6 . 2 p e r c e n t . This a p p l i e s 
to all t h e s e r u n s . W h e n t h e v a l u e s for t h e r a t e c o n s t a n t s of r u n s 4 ? 5,-
a n d 6 are e x a m i n e d , it is s e e n t h a t t h e s e r u n s h a v e a n a v e r a g e d e v i a t i o n 
of only 0 . 3 3 p e r c e n t . I t w i l l also b e n o t e d t h a t f or t h e c a t a l y s t 
w e i g h t r a n g e of 0 . 4 0 - 0 . 6 0 g., t h e r e a c t i o n r a t e is d i r e c t l y p r o p o r t i o n a l 
to t h e w e i g h t of c a t a l y s t . 
A study w a s a l s o c o n d u c t e d in w h i c h t h e q u a n t i t y of a c c e p t o r w a s 
4 0 
v a r i e d , a n d the. i n f l u e n c e of this on the r a t e c o n s t a n t w a s o b s e r v e d . T h i s 
is s u m m a r i z e d by t h e d a t a in T a b l e 1 5 « 
T a b l e 1 5 « H y d r o g e n a t i o n of D i a m y l a m m o n i u m A b i e t a t e i n 1 0 0 m l . of G l a c i a l 
A c e t i c A c i d w i t h 0 . 4 0 g. of A d a m s ' P l a t i n u m O x i d e C a t a l y s t 
R u n C a t a l y s t A c c e p t o r T e m p e r a t u r e R a t e C o n s t a n t * 
N u m b e r L o t W t . g. °K x lOVin . ' V g . 
H B 5 . 1 4 3 0 2 . 2 2 9 1 
1 5 C 5 o 3 7 2 9 8 . 5 3 3 7 
1 6 C 5 . 5 3 2 9 8 . 4 3 3 7 
1 7 A 6 . 0 0 2 9 6 . 5 3 4 1 
1 8 C 7 . 0 6 2 9 8 . 2 3 3 2 
1 9 B 7 . 1 4 3 0 1 . 2 3 2 3 
20 B 7.14 302.2 318 
2 1 C 7 . 7 9 2 9 8 . 2 3 4 5 
2 2 C 8 . 7 1 2 9 8 . 2 3 3 3 
2 3 C 9 . 1 4 2 9 8 . 2 3 1 7 
6 A 9 . 1 4 3 0 0 . 5 2 9 7 
9 A 9 . 1 4 3 0 1 . 7 2 7 0 
2 4 C 9 . 5 2 2 9 8 . 2 3 3 0 
2 5 C 1 0 . 4 4 2 9 8 . 2 3 4 0 
2 6 B 1 1 . 1 4 3 0 3 , 2 2 8 4 
2 7 C 1 1 . 5 2 2 9 8 . 2 3 2 8 
R a t e c o n s t a n t s a r e c o r r e c t e d to 2 5 G C a n d c a t a l y s t l o t B; m e a n 
v a l u e 3 2 0 + 1 5 o 
T h i s t a b l e i n d i c a t e s t h a t the w e i g h t of a c c e p t o r u s e d in the h y d r o -
g e n a t i o n s h a s l i t t l e if any e f f e c t u p o n the r a t e c o n s t a n t s . T h u s , t h e 
r a t e of h y d r o g e n a t i o n is i n d e p e n d e n t of t h e c o n c e n t r a t i o n of a c c e p t o r . 
The w e i g h t of 9 « 1 4 9» of d i a m y l a m m o n i u m a b i e t a t e w a s u s e d for 
all of the o t h e r s t u d i e s i n v o l v e d in this w o r k s i n c e i t is e q u i v a l e n t 
to 6 . 0 0 g . of t h e free a c i d on a m o l a r b a s i s . T h i s is t h e q u a n t i t y of 
a b i e t i c a c i d w h i c h w a s u s e d in the stud y of its h y d r o g e n a t i o n . 
The a p p a r e n t a c t i v a t i o n e n e r g y for the h y d r o g e n a t i o n of t h i s 
m a t e r i a l w a s d e t e r m i n e d by e x a m i n i n g the e f f e c t of v a r y i n g t h e t e m p e r a t u r e 
4 1 
a t w h i c h the h y d r o g e n a t i o n w a s c a r r i e d o u t . The d a t a for this d e t e r m i n a 
t i o n are p r e s e n t e d in T a b l e 1 6 . 
T a b l e 1 6 . H y d r o g e n a t i o n of 9 - 1 4 g° D i a m y l a m m o n i u m A b i e t a t e in 1 0 0 m l . 
of G l a c i a l A c e t i c A c i d w i t h 0 . 4 0 g. of A d a m s ' P l a t i n u m O x i d e 
C a t a l y s t 
R u n 
N u m b e r 
C a t a l y s t 
L o t 
T e m p e r a t u r e 
°K 
R a t e Const? 
x l O ^ m i n . " " 
ant 
E/g. 
C o r r e c t e d * 
R a t e Constan" 
x loVin." 1/' 
28 B 318.2 510 279 
29 B 318.2 509 279 
30 B 311.2 368 287 
31 B 311.2 409 274 
32 B 305.7 409 323 
33 B 305.7 429 291 
9 A 3 0 1.7 3 0 1 270 
7 A 301.2 308 280 
34 B 300.7 3 0 2 279 
35 B 3 0 0.7 287 266 
6 A 300.5 319 297 
4 A 300.4 321 300 
5 A 300.4 321 300 
8 A 299.4 284 274 
36 B 294.2 2 1 6 247 
37 B 294.2 2 1 6 247 
38 B 288.2 211 295 
39 B 288.2 210 294 
4 0 B 288.2 206 288 
C o r r e c t e d to 2 5 G C a n d c a t a l y s t lot B; m e a n v a l u e 294 + 14° 
The d a t a g i v e n in T a b l e 16 w e r e u s e d to e v a l u a t e t h e a p p a r e n t 
a c t i v a t i o n e n e r g y for the h y d r o g e n a t i o n of d i a m y l a m m o n i u m a b i e t a t e . 
The v a l u e f o u n d w a s 5°35 k c a l / m o l e . T h i s w a s a l s o a s s u m e d to be t h e 
a c t i v a t i o n e n e r g y for the h y d r o g e n a t i o n of a b i e t i c a c i d u n d e r s i m i l a r 
c o n d i t i o n s . 
In a d d i t i o n t o t he s t u d i e s d e s c r i b e d a b o v e , s e v e r a l e x p e r i m e n t s 
w e r e c a r r i e d o u t in a n a t t e m p t to o b s e r v e the c h a n g e of t h e r a t e c o n ­
s t a n t as the i n i t i a l p r e s s u r e of h y d r o g e n w a s c h a n g e d . T h e d a t a w h i c h 
4 2 
h a v e b e e n c o l l e c t e d a r e t a b u l a t e d in T a b l e 17» 
A t low i n i t i a l a b s o l u t e p r e s s u r e it is s e e n t h a t t h e r a t e c o n s t a n t 
v a l u e is s o m e w h a t h i g h e r t h a n a t the h i g h e r p r e s s u r e s , i n d i c a t i n g t h a t 
the r e a c t i o n in t h i s case is n o t q u i t e f i r s t o r d e r w i t h r e s p e c t to h y d r o ­
g e n over a n e x t e n d e d r a n g e of p r e s s u r e s . T h e t a b l e d e s c r i b e s a p r e s s u r e 
T a b l e 1 7 . H y d r o g e n a t i o n of 9 - 1 4 g« D i a m y l a m m o n i u m A b i e t a t e in 1 0 0 m l . 
of G l a c i a l A c e t i c A c i d U s i n g 0 . 4 0 g. of A d a m s ' P l a t i n u m O x i d e 
C a t a l y s t L o t B T e m p e r a t u r e 3 0 1 . 2 ° K 
R u n 
N u m b e r 
I n i t i a l A b s o l u t e 
P r e s s u r e p . s . i . 
k x lO^rnin. Vg°* 
4 1 .17 . 2 1 4 1 7 
4 2 1 7 . 2 6 3 7 7 
4 3 3 2 . 3 4 3 9 8 
4 4 3 2 . 4 0 3 8 6 
4 5 4 6 . 7 7 3 2 6 
4 6 6 4 . 3 4 3 1 4 
4 7 6 4 . 3 7 2 9 0 
R a t e c o n s t a n t s 
r a n g e o f : a p p r o x i m a t e l y 
a r e c o r r e c t e d to 2 5 G C . 
5 0 p . s . i . In e a c h i n d i v i d u a l r u n , h o w e v e r 5 a . . , 
p r e s s u r e d r o p of only t h r e e p o u n d s p e r s q u a r e i n c h w a s n o t e d , a n d the 
d a t a for e a c h r u n w e r e f i t t e d e a s i l y to a s t r a i g h t line w h e n log Pq/p-^  
w a s p l o t t e d a g a i n s t t i m e . S u c h p h e n o m e n a are not u n u s u a l . 
C o m p l e t e H y d r o g e n a t i o n in A c e t i c A c i d . — T h e c o m p l e t e h y d r o g e n a t i o n of 
b o t h a b i e t i c a c i d a n d d i a m y l a m m o n i u m a b i e t a t e w e r e c h a r a c t e r i z e d by w h a t 
a p p e a r e d to be a two s t e p p r o c e s s . T h i s is i n d i c a t e d in F i g u r e 4 , p a g e 
4 4 , by t h e p l o t of d a t a o b t a i n e d in a t y p i c a l r u n . 
C h a r a c t e r i s t i c s of the r e a c t i o n . - - F o r the e x p e r i m e n t s d e s c r i b e d 
a b o v e , t h e r e w a s a l w a y s a v e r y r a p i d u p t a k e of h y d r o g e n o c c u r r i n g d u r i n g 
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the f i r s t t w o t o t h r e e m i n u t e s of t h e r u n . This p o r t i o n of t h e e x p e r i m e n t 
y i e l d e d the r a t e c o n s t a n t d a t a w h i c h are t a b u l a t e d a n d d i s c u s s e d in the 
p r e c e d i n g pages.''" A f t e r this f i r s t phase, of the e x p e r i m e n t , t h e r e f o l ­
l o w e d a p e r i o d of four to five m o r e m i n u t e s in w h i c h the p l o t of t h e d a t a 
d i d n o t f i t a s t r a i g h t line b u t v e r y d e c i d e d l y w a s c u r v e d d o w n w a r d t o ­
w a r d the t i m e axiso T h i s t h e n w a s f o l l o w e d by a s l o w u p t a k e of h y d r o g e n 
w h i c h a g a i n a p p e a r e d to obey f i r s t o r d e r k i n e t i c s as e v i d e n c e d by the 
p l o t of log Po/p-|- a g a i n s t t i m e . T h e r a t e c o n s t a n t s o b t a i n e d f r o m t h i s 
l a s t p h a s e of e a c h of the r e a c t i o n s , w h i l e v e r y d i f f i c u l t to r e p r o d u c e , 
in m o s t c a s e s d i d f i t a s t r a i g h t l i n e for a v e r y l o n g p e r i o d of t i m e . 
In s u m m a r y , a t y p i c a l h y d r o g e n a t i o n r u n a t 27° y i e l d e d the d a t a w h i c h 
c o u l d be s t a t e d as b e l o w : 
T h e i n i t i a l f a s t r e a c t i o n g a v e a r a t e c o n s t a n t of 325 x 10 ^ m i n . * 
/ g . f r o m z e r o to two m i n u t e s t i m e . 
The t r a n s i t i o n p h a s e g a v e a n a p p r o x i m a t e r a t e c o n s t a n t of 50 x 10 ^ 
m i n . "'"/g. f r o m t w o to s e v e n m i n u t e s t i m e . 
T h e final s l o w r e a c t i o n g a v e a r a t e c o n s t a n t of 10 x 10 ^ m i n . Vg. 
f r o m s e v e n to 60 m i n u t e s t i m e . 
It w a s g e n e r a l l y o b s e r v e d t h a t t h e t r a n s i t i o n p h a s e b e g a n in t h e 
v i c i n i t y of h y d r o g e n u p t a k e c o r r e s p o n d i n g ^ t o 0.02 m o l e s of h y d r o g e n for 
a r u n u s i n g 0.02 m o l e s of s u b s t r a t e . I n s p i t e of the d i f f i c u l t r e p r o ­
d u c i b i l i t y of t h e r a t e of the t h i r d p h a s e , it w a s u s u a l l y f o u n d t h a t the 
v a l u e w a s a t l e a s t q u a l i t a t i v e l y r e l a t e d to t h a t of t h e f i r s t p h a s e 
r a t e c o n s t a n t . I n g e n e r a l , w h e n the f i r s t p h a s e r a t e c o n s t a n t w a s h i g h , 
t h a t of the t h i r d p h a s e w a s low, a n d t h e t r a n s i t i o n or s e c o n d p h a s e w a s 
S e e F i g u r e 4 5 p a g e ^ V 
TIME , MINUTES 
F i g u r e k. T y p i c a l P l o t o f L o g P / P A g a i n s t T i m e , i n the H y d r o g e n a t i o n 
o f D i a m y l a m m o n i u m A b i e t a t e . 
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s h o r t . O n the o t h e r h a n d , if the v a l u e for the f i r s t p h a s e r a t e c o n ­
s t a n t w a s low, t h e n the t r a n s i t i o n p h a s e w a s r e l a t i v e l y l o n g , a n d the 
t h i r d p h a s e r a t e c o n s t a n t w a s h i g h . 
S e v e r a l p o s t u l a t e s c o u l d be o f f e r e d to i n t e r p r e t t h e s e o b s e r v a ­
t i o n s ; n a m e l y : 
1. The c a t a l y s t s u r f a c e c o u l d h a v e b e e n p o i s o n e d d u r i n g the 
r e a c t i o n . 
2. The a c c e p t o r c o u l d h a v e b e e n i s o m e r i z e d by the a c e t i c a c i d 
s o l v e n t . 
3 . T h e a c c e p t o r c o u l d h a v e b e e n i s o m e r i z e d by the c a t a l y s t s u r f a c e . 
4° T h e r e d u c t i o n c o u l d h a v e p r o c e e d e d by a two or p o l y - s t e p 
m e c h a n i s m in w h i c h the r e a c t i o n i n v o l v e d f i r s t the a c c e p t o r ' s b e i n g r e d u c ­
e d to o n e ' o r m o r e d i h y d r o - c o m p o u n d s a n d t h e n t h e s e b e i n g r e d u c e d f u r t h e r 
a t a s l o w e r r a t e to a t e t r a h y d r o - c o m p o u n d . 
N o n - p o i s o n i n g of the c a t a l y s t . - - A s i d e f r o m t h e f a c t t h a t the p l o t 
c h a n g e d f r o m a s t r a i g h t line to a c u r v e a n d o n c e a g a i n to a n o t h e r s t r a i g h t 
l i n e i n d i c a t i n g t h a t p o s t u l a t e one a b o v e is n o t c o r r e c t , i t w a s v e r y 
e a s i l y s h o w n t h a t t h i s w a s n o t the c a s e on t h e b a s i s of o t h e r e x p e r i m e n t s . 
A h y d r o g e n a t i o n of d i a m y l a m m o n i u m abietate w a s c o n d u c t e d in t h e u s u a l 
m a n n e r , e x c e p t the h y d r o g e n a t i o n w a s d i s c o n t i n u e d a f t e r 1.11 m o l e s of 
h y d r o g e n p e r m o l e of a c c e p t o r h a d b e e n a b s o r b e d . T h e c a t a l y s t w a s f i l t e r e d 
off a n d t h e n r e p l a c e d by f r e s h P t 0 2 . T h e p r e s s u r e of the s y s t e m w a s 
a d j u s t e d to e q u a l t h a t m e a s u r e d w h e n the r e a c t i o n w a s i n t e r r u p t e d . A f t e r 
the h y d r o g e n a t i o n w a s r e s u m e d , the d a t a w e r e c o l l e c t e d , a n d the c u s t o m a r y 
p l o t w a s m a d e . It w a s f o u n d t h a t c h a n g i n g to f r e s h c a t a l y s t h a d no 
a p p r e c i a b l e e f f e c t u p o n the r a t e of h y d r o g e n a t i o n . The t r a n s i t i o n p h a s e 
o c c u r r e d as u s u a l , and the t h i r d p h a s e w a s t y p i c a l of t h o s e c a s e s w h i c h 
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w e r e b e g u n n o r m a l l y a n d c o n t i n u e d to completion.. 
N o n - i s o m e r i z a t i o n of t h e substra-te by the a c e t i c a c i d s o l v e n t or 
p l a t i n u m o x i d e o ~ - A h y d r o g e n a t i o n e x p e r i m e n t w a s c o n d u c t e d in w h i c h f i r s t 
t h e a c c e p t o r w a s a g i t a t e d in t h e p r e s e n c e of n o n - r e d u c e d A d a m s ' c a t a l y s t 
a n d g l a c i a l a c e t i c a c i d s o l v e n t for f i f t e e n m i n u t e s in the a b s e n c e of 
h y d r o g e n . T h i s w a s e q u i v a l e n t to t h e t i m e a t w h i c h t h e s l o w t h i r d p h a s e 
of the r e a c t i o n s u s u a l l y a p p e a r e d . H y d r o g e n t h e n w a s a d m i t t e d to t h e 
s y s t e m , a n d the r e a c t i o n w a s s t a r t e d . T h i s r e s u l t e d in t h e n o r m a l k i n d 
of k i n e t i c d a t a . 
T h e u n c o r r e c t e d i n i t i a l r a t e c o n s t a n t o b t a i n e d w a s 4 I 4 , x 10 ^ m i n . 
/g<> 
T h e u n c o r r e c t e d final r a t e c o n s t a n t w a s 1 0 . 8 x 10 ^ m i n . 1 / g . a t a 
r e a c t i o n t e m p e r a t u r e of 31.7 GC<> 
T h e s e v a l u e s a r e h i g h e r t h a n the t y p i c a l ones p r e s e n t e d e a r l i e r , 
b u t the t e m p e r a t u r e of this r e a c t i o n w a s s i g n i f i c a n t l y h i g h e r . T h e 
c o n c l u s i o n h e r e is t h a t a c e t i c a c i d d o e s n o t i s o m e r i z e a b i e t i c a c i d 
w i t h i n f i f t e e n m i n u t e s to an e x t e n t w h i c h e f f e c t s t h e r a t e c o n s t a n t s of 
the h y d r o g e n a t i o n of this c o m p o u n d . 
N o n - i s o m e r i z a t i o n of the s u b s t r a t e on t h e c a t a l y s t s u r f a c e . - - I t w a s 
f o u n d t h a t if a b i e t i c a c i d w a s a g i t a t e d o v e r n i g h t in dry c h l o r o f o r m s o l u ­
t i o n a n d in t h e p r e s e n c e of p r e - r e d u c e d A d a m s ' c a t a l y s t , t h e s o l u t i o n 
y i e l d e d a n i n f r a r e d s p e c t r u m i d e n t i c a l to a f r e s h l y p r e p a r e d s o l u t i o n 
of a b i e t i c a c i d in c h l o r o f o r m . 
A d d i t i o n a l e v i d e n c e a g a i n s t p o s t u l a t e three"*" w a s o b t a i n e d in 
a n o t h e r e x p e r i m e n t . A g i t a t i o n of d i a m y l a m m o n i u m a b i e t a t e w i t h p r e v i o u s l y 
r e d u c e d P t 0 2 f o l l o w e d by h y d r o g e n a t i o n w i t h f r e s h c a t a l y s t a f t e r the 
"''See a b o v e , p a g e 4 -5 . 
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f o r m e r h a d b e e n r e m o v e d by f i l t r a t i o n r e s u l t e d in the f o l l o w i n g d a t a : 
U n c o r r e c t e d i n i t i a l r a t e c o n s t a n t 516 x 10 ^ m i n . Vg* 
U n c o r r e c t e d final r a t e c o n s t a n t 12 x 10 ^'min. ^/g» 
R e a c t i o n t e m p e r a t u r e 3 1 « 4 ° C . 
T h e s e r e s u l t s i n d i c a t e t h a t a b i e t i c a c i d is n o t i s o m e r i z e d o n 
t h e p l a t i n u m s u r f a c e w i t h i n f i f t e e n m i n u t e s in a w a y w h i c h w o u l d c a u s e 
the r a t e c o n s t a n t of the h y d r o g e n a t i o n of this c o m p o u n d to be reduced., 
I n d e e d , t h e d a t a are of h i g h e r v a l u e t h a n w o u l d h a v e b e e n e x p e c t e d o T h i s 
m a y be d u e to t h e f a c t t h a t the f i r s t q u a n t i t y of P t u s e d r e m o v e d s o m e 
t r a c e a m o u n t s of p o i s o n s f r o m t h e s o l u t i o n . 
R e m o v a l of p o i s o n s f r o m the s o l u t i o n by p r e v i o u s l y r e d u c e d c a t a l y s t 
is f u r t h e r i n d i c a t e d b y e x p e r i m e n t s s i m i l a r to the one j u s t d e s c r i b e d . 
W h e n the s u b s t r a t e w a s a g i t a t e d w i t h p r e - r e d u c e d c a t a l y s t in the a b s e n c e 
of h y d r o g e n a n d then h y d r o g e n a t e d u s i n g the same c a t a l y s t , the i n i t i a l 
r a t e c o n s t a n t w a s f o u n d to be 8 5 to 110 x 10 ^ m i n . Vg° a _ t 3 L ° C for 
s e v e r a l d i f f e r e n t r u n s . T h i s m i g h t a l s o be e x p l a i n e d on the b a s i s t h a t 
the s u b s t r a t e m o l e c u l e s m a y h a v e b e e n a d s o r b e d u p o n t h e c a t a l y s t to p r o ­
d u c e a s a t u r a t e d s u r f a c e . S u c h a s i t u a t i o n c o u l d c a u s e t h e h y d r o g e n a t i o n 
to p r o c e e d m o r e s l o w l y , s i n c e the h y d r o g e n w o u l d h a v e f e w e r c a t a l y s t s i t e s 
u p o n w h i c h to be a d s o r b e d . It h a s b e e n s h o w n in o t h e r h y d r o g e n a t i o n s t h a t 
p r e - a d s o r p t i o n of t h e s u b s t r a t e o n p l a t i n u m , r h o d i u m , a n d n i c k e l c a t a l y s t 
can i n h i b i t t h e r e a c t i o n ( 1 5 ) • W h i l e t h i s e x p l a n a t i o n a p p e a r s to h a v e 
some v a l i d i t y f r o m t h e s e d a t a , it d o e s n o t a c c o u n t for the h i g h e r r a t e 
c o n s t a n t v a l u e o b t a i n e d a f t e r a g i t a t i o n of the a c c e p t o r w i t h r e d u c e d P t 0 2 , 
(15) 0. B e e c k , D i s c u s s i o n s F a r a d a y S o c i e t y , 8 , 118 ( 1 9 5 0 ) , P. 
E m m e t t , C a t a l y s i s , V o l . I l l , R e i n h o l d P u b l i s h i n g C o r p o r a t i o n , N e w 
Y o r k , N . Y . , 1 9 5 5 , p . 5 7 . 
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r e m o v a l of t h e P t , a n d r e p l a c e m e n t w i t h f r e s h P t 0 2 for the s u b s e q u e n t 
h y d r o g e n a t i o n . 
T h e s e e x p e r i m e n t s j o i n t l y r u l e o u t t h r e e of t h e four p o s t u l a t i o n s 
r e g a r d i n g the o b s e r v a t i o n of t he th r e e p h a s e h y d r o g e n a t i o n d a t a . 
The k i n e t i c s of t h e r e a c t i o n e x i s t as w e r e f o u n d , n o t b e c a u s e 
the c a t a l y s t s u r f a c e is p o i s o n e d d u r i n g the r e a c t i o n , n o t b e c a u s e the 
a c c e p t o r is i s o m e r i z e d by the a c e t i c a c i d s o l v e n t , and n o t b e c a u s e the 
a c c e p t o r is i s o m e r i z e d by t he c a t a l y s t , b u t for so m e o t h e r r e a s o n . T h e 
o t h e r p o s t u l a t i o n w a s \ h a t the r a t e d a t a r e s u l t f r o m c o m p e t i n g f i r s t 
o r d e r r e a c t i o n s . It w a s f u r t h e r s u g g e s t e d t h a t the a b i e t i c a c i d w a s 
u n d e r g o i n g p a r t i a l h y d r o g e n a t i o n to so m e d i h y d r o a b i e t i c a c i d w h i c h is 
h y d r o g e n a t e d a t a s l o w e r r a t e t h a n the p a r e n t a c i d . 
C o m p e t i t i o n of m u l t i p l e f i r s t o r d e r r e a c t i o n s . - - S u p p o r t for th i s 
p o s t u l a t e w a s g a i n e d t h r o u g h a n o t h e r e x p e r i m e n t in t he h y d r o g e n a t i o n of 
d i a m y l a m m o n i u m a b i e t a t e . A q u a n t i t y of 0.02 m o l e s of t h i s s a l t w a s h y d r o ­
g e n a t e d u n t i l it a b s o r b e d 0.01856 m o l e s of h y d r o g e n . T h e p r o d u c t w a s t h e n 
i s o l a t e d , r e c r y s t a l l i z e d o n c e , d r i e d , a n d f o u n d to ha v e a m e l t i n g p o i n t 
of 1 3 7 - 1 4 6 ° C . T h e u l t r a v i o l e t s p e c t r u m of t h i s m a t e r i a l r e v e a l e d X 
m a x 
a t 2 4 1 mjjL h a v i n g a n e x t i n c t i o n c o e f f i c i e n t of 6 , 2 1 0 . T h i s i n d i c a t e s 
t h e r e w a s 2 5 * 6 p e r c e n t a b i e t i c a c i d p r e s e n t , a s s u m i n g t h a t the h y d r o ­
g e n a t e d c o n s t i t u e n t s d o n o t a b s o r b l i g h t at t h i s c h o s e n w a v e l e n g t h . 
In o r d e r to e v a l u a t e this i n f o r m a t i o n , t h e s e v e r a l p o s s i b l e c o u r s e s 
of the r e a c t i o n n e e d to be c o n s i d e r e d . 
1. A b i e t i c a c i d c o u l d be r e d u c e d d i r e c t l y to a t e t r a h y d r o a b i e t i c 
a c i d . 
2 . A b i e t i c a c i d c o u l d be r e d u c e d f i r s t to a d i h y d r o a b i e t i c a c i d 
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c o m p l e t e l y b e f o r e any of the d i h y d r o a b i e t i c w a s r e d u c e d to t e t r a h y d r o a b i e ­
tic a c i d o 
3 o A b i e t i c a c i d c o u l d be r e d u c e d f i r s t to a d i h y d r o a b i e t i c a c i d , 
a n d the p r o d u c t c o u l d be r e d u c e d f u r t h e r to t e t r a h y d r o a b i e t i c . T h e t w o 
r e d u c t i o n s c o u l d be in c o m p e t i t i o n a f t e r a s i g n i f i c a n t a m o u n t of d i h y d r o ­
a b i e t i c a c i d h a d b e e n produced.. 
If the f i r s t case w a s o p e r a t i v e , a t the a b s o r p t i o n of 0 . 0 1 8 6 m o l e s 
of h y d r o g e n p e r 0 . 0 2 m o l e s of acceptor, t h e r e s h o u l d h a v e b e e n l e f t 
s l i g h t l y m o r e t h a n 5 0 p e r c e n t a b i e t i c a c i d o A l s o , if t h i s h a d b e e n t h e 
c a s e , F i g u r e U s h o u l d h a v e c o n s i s t e d of a s i n g l e s t r a i g h t l i n e e n d i n g 
a t the c o n s u m p t i o n of 0 . 0 2 m o l e s of h y d r o g e n . 
If the s e c o n d case w a s o p e r a t i v e , a t t h e absorption, of 0 . 0 1 8 6 m o l e s 
of h y d r o g e n p e r 0 . 0 2 m o l e s of a c c e p t o r t h e r e s h o u l d h a v e b e e n only s l i g h t ­
ly m o r e t h a n 0 p e r c e n t a b i e t i c a c i d . In a d d i t i o n t o t h i s , t h e t w o 
s t r a i g h t l i n e s in F i g u r e U w o u l d be e x p e c t e d to i n t e r s e c t a t a s i n g l e 
p o i n t i n s t e a d of c u r v i n g into e a c h o t h e r - T h i s p o i n t s h o u l d c o r r e s p o n d 
to t h e c o n s u m p t i o n of e x a c t l y 0 . 0 2 m o l e s of h y d r o g e n . 
If t h e t h i r d case w a s o p e r a t i v e , a t t he a b s o r p t i o n of 0 . 0 1 8 6 m o l e s 
of h y d r o g e n p e r 0 . 0 2 m o l e s of a c c e p t o r , m o s t of t he h y d r o g e n w o u l d h a v e 
b e e n c o n s u m e d by t h e a b i e t i c a c i d , b u t p a r t of it w o u l d h a v e b e e n r e ­
q u i r e d for the f u r t h e r r e d u c t i o n of the d i h y d r o a b i e t i c a c i d to t e t r a ­
h y d r o a b i e t i c a c i d . T h i s w o u l d be e x p e c t e d to r e s u l t in t he p r e s e n c e of 
m o r e t h a n 0 p e r c e n t a n d less t h a n 5 0 p e r c e n t a b i e t i c a c i d w h e n the 
r e a c t i o n w a s s t o p p e d . F u r t h e r m o r e , t h i s c a s e w o u l d b e e x p e c t e d to „ p r o - v 
d u c e a c u r v e l i k e t h a t s h o w n in F i g u r e U» . x " ~T-
In a d d i t i o n to t h i s , it w a s u s u a l l y n o t e d t h a t the t r a n s i t i o n -
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p h a s e of the h y d r o g e n a t i o n b e g a n a t the p r e s s u r e d r o p w h i c h c o r r e s ­
p o n d e d to t h e u p t a k e of a p p r o x i m a t e l y one m o l e of h y d r o g e n p e r m o l e of 
a c c e p t o r . T h i s l e a d s s t r o n g s u p p o r t to c a s e t h r e e . ^ A l s o the f a c t 
t h a t the t w o r a t e c o n s t a n t s in e a c h r u n s e e m to be i n t e r e r r e l a t e d 
w o u l d b e in a g r e e m e n t w i t h the s u g g e s t i o n t h a t t h e s e c o n s t a n t s a r e for 
t h e r a t e s of two c o m p e t i n g f i r s t o r d e r r e a c t i o n s in b o t h p h a s e s of the 
r e a c t i o n w h i c h obey f i r s t o r d e r k i n e t i c s . 
T h i s c a n be e x p l a i n e d in t h e two f o l l o w i n g m a n n e r s : 
1. A b i e t i c A c i d + H 2 -—- > D i h y d r o a b i e t i c A c i d 
2. D i h y d r o a b i e t i c A c i d + H 2 ——• • T e t r a h y d r o a b i e t i c A c i d 
F i r s t if k 1 a n d k 2 w e r e the r a t e c o n s t a n t s for t h e s e r e a c t i o n s , 
a n d if k 1 w e r e l a r g e r t h a n k 2 by a f a c t o r of a p p r o x i m a t e l y 100 (as w e r e 
the r a t e c o n s t a n t s for the f i r s t a n d t h i r d p h a s e s in the a c t u a l h y d r o ­
g e n a t i o n of a b i e t i c a c i d in this w o r k ) , t h e y c o u l d be e x p e c t e d to e x e r t 
an e f f e c t u p o n the a p p a r e n t r a t e c o n s t a n t s for their r e a c t i o n s in a 
m a n n e r a n a l o g o u s to t h a t o b s e r v e d . A t the b e g i n n i n g of the h y d r o g e n a ­
t i o n , k 1 w o u l d be s o l e l y r e s p o n s i b l e for t h e a p p a r e n t v a l u e of t h e r a t e 
c o n s t a n t a n d for t h e r a t e of the r e a c t i o n . A s t h e r e a c t i o n p r o c e e d e d , 
h o w e v e r , a n d the c o n c e n t r a t i o n of d i h y d r o a b i e t i c a c i d b e c a m e s i g n i f i ­
c a n t , the s e c o n d r e a c t i o n w o u l d b e g i n to o c c u r , a n d the a p p a r e n t r a t e of 
the r e a c t i o n w o u l d be a f u n c t i o n of b o t h k 1 a n d k 2 . T h e a p p a r e n t r a t e 
w o u l d n o t c h a n g e s i g n i f i c a n t l y , b e c a u s e k 2 w o u l d be so s m a l l r e l a t i v e 
to k 1 t h a t its p r e s e n c e w o u l d n o t be n o t i c e d . 
As t h e a m o u n t of a b i e t i c a c i d w a s d e c r e a s e d in the r e a c t i o n m i x ­
t u r e , t h e f i r s t r e a c t i o n w o u l d s t a r t b e c o m i n g less s i g n i f i c a n t in its 
S e e a b o v e , p a g e 4 9 
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c o n t r i b u t i o n to t h e a p p a r e n t r a t e of the r e a c t i o n . A t t h i s t i m e , the 
a p p a r e n t r a t e c o n s t a n t w o u l d be a f u n c t i o n of b o t h k 1 a n d k 2 , a n d b o t h 
of t h e s e c o u l d be c o n t r i b u t i n g to its v a l u e to a v a r y i n g d e g r e e . T h i s 
w o u l d m a r k the o n s e t of t h e t r a n s i t i o n p h a s e of the r e a c t i o n a n d its 
g r a d u a l c o n v e r s i o n into the t h i r d p h a s e . In the t h i r d p h a s e of the 
r e a c t i o n , t h e a p p a r e n t r a t e c o n s t a n t w o u l d b e a f u n c t i o n of b o t h k 1 a n d 
k 2 , b u t k 2 w o u l d be the p r i n c i p a l c o n t r i b u t o r to its v a l u e . 
The a p p r a i s a l of the r e a c t i o n p r o c e s s as p r e s e n t e d a b o v e is in 
a c c o r d w i t h the i n t e r r e l a t i o n s h i p of the r a t e c o n s t a n t s for t h e f i r s t a n d 
t h i r d p h a s e s of the r e d u c t i o n . If the r e a c t i o n c o n d i t i o n s w e r e s u c h t h a t 
in g e n e r a l they w o u l d be e x p e c t e d to y i e l d a slow r a t e for h y d r o g e n a t i o n 
reactions, t h e n the f i r s t p h a s e of the p r o c e s s w o u l d be a f f e c t e d to t h e 
g r e a t e s t e x t e n t . S u c h a s i t u a t i o n c o u l d be e x p e c t e d to g i v e a l o n g e r 
t r a n s i t i o n p h a s e d u r i n g w h i c h the a m o u n t of a b i e t i c a c i d w o u l d be d e ­
c r e a s e d to s u c h a low v a l u e " h a t its h y d r o g e n a t i o n w o u l d n o t be i m p o r t a n t 
t o w a r d t h e o v e r a l l r a t e of the r e a c t i o n . T h i s c o u l d a l s o l e a v e e n o u g h 
a b i e t i c a c i d in s o l u t i o n and in c o m p e t i t i o n for the c a t a l y s t s u r f a c e 
w i t h the n o w m u c h m o r e n u m e r o u s d i h y d r o a b i e t i c a c i d m o l e c u l e s to c a u s e 
the o b s e r v e d r a t e c o n s t a n t for the t h i r d p h a s e of the h y d r o g e n a t i o n to 
be s l i g h t l y l a r g e r . 
In t h e o t h e r e x t r e m e c a s e , the r e a c t i o n c o n d i t i o n s w o u l d be s u c h 
t h a t t h e y w o u l d f a v o r f a s t h y d r o g e n a t i o n s a n d w e m l d r e s u l t in a v e r y 
r a p i d c o n v e r s i o n o f the a b i e t i c a c i d i n t o the m u c h m o r e s l o w l y h y d r o g e n a t e d 
d i h y d r o a b i e t i c a c i d . C o n s e q u e n t l y , t h e f i r s t p h a s e of t h e r e a c t i o n w o u l d 
a p p e a r to be v e r y f a s t . S i n c e t h e c o n t r i b u t i o n of the h a l f h y d r o g e n a t i o n 
of a b i e t i c a c i d to t h e r a t e of the o v e r a l l r e a c t i o n w o u l d be q u i t e s i g n i f i ­
c a n t a n d t h e n r a p i d l y b e c o m e i n s i g n i f i c a n t , t h e r a t e c o n s t a n t for the 
5 2 
t h i r d p h a s e w o u l d be e x p e c t e d t o be v e r y slow- M o r e n e a r l y , it w o u l d be 
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p r i n c i p a l l y d u e to t h e h y d r o g e n a t i o n of d i h y d r o a b i e t i c a c i d , s i n c e i n 
t h i s c a s e t h e r e s h o u l d b e v e r y l i t t l e if a n y a b i e t i c a c i d l e f t in the 
r e a c t i o n m i x t u r e . 
T h e s e c o n d m a n n e r of e x p l a i n i n g t h e r e s u l t s o b t a i n e d for t h e s e 
h y d r o g e n a t i o n r e a c t i o n s w o u l d a l s o b e m a d e on t h e b a s i s of the e q u a t i o n s 
g i v e n e a r l i e r . If k 1 is m u c h g r e a t e r t h a n k 2 9 a n d d i h y d r o a b i e t i c a c i d 
is h y d r o g e n a t e d p r e f e r e n t i a l l y t o a b i e t i c a c i d , t h e n the c u r v e in 
F i g u r e U c o u l d h a v e b e e n p r o d u c e d . D u r i n g the i n i t i a l p a r t of the r e a c ­
t i o n , t h e r e a c t i o n of a b i e t i c a c i d w o u l d be e x p e c t e d to p r e d o m i n a t e , b u t 
as the c o n c e n t r a t i o n of d i h y d r o a b i e t i c a c i d i n c r e a s e d a n d w a s p r e f e r e n ­
t i a l l y a d s o r b e d , its s l o w r e d u c t i o n w o u l d p r o d u c e the r e t a r d i n g e f f e c t 
f o u n d d u r i n g the s e c o n d or t r a n s i t i o n p h a s e of t h e s e r e a c t i o n s . F i n a l l y , 
as the r e m a i n i n g a b i e t i c a c i d w a s r e d u c e d to d i h y d r o a b i e t i c a c i d , the 
l a s t s t r a i g h t l i n e in t h e p l o t of t h e d a t a w o u l d be o b t a i n e d . 
A l l of t h e s e a r g u m e n t s a n d data, w h i l e n o t c o m p l e t e l y c o n c l u s i v e , 
s e e m to i n d i c a t e s t r o n g l y t h a t t h e r e d u c t i o n p r o c e e d s t h r o u g h p a r t i a l 
h y d r o g e n a t i o n of t h e a c c e p t o r , f o l l o w e d by h y d r o g e n a t i o n of the p r o d u c t 
so f o r m e d to t h e f i n a l t e t r a h y d r o a b i e t i c a c i d . 
S e l e c t i v i t y of c a t a l y s t s in h y d r o g e n a t i o n of o l e f i n s . - - I t is g e n ­
e r a l l y k n o w n t h a t h y d r o g e n a t i o n r e a c t i o n s m a y be s e l e c t i v e in the h y d r o ­
g e n a t i o n of one d o u b l e b o n d i n s t e a d of a n o t h e r in t h e s a m e m o l e c u l e or 
in d i f f e r e n t k i n d s of m o l e c u l e s , e v e n in c o n j u g a t e d d i e n e s . For e x a m p l e , 
the p a r t i a l h y d r o g e n a t i o n of 2 - m e t h y l - l , 3 - b u t a d l e n e on p l a t i n u m c a t a l y s t 
'''See a b o v e , p a g e 5 0 . , s t e p 2 . 
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l e a d s to. 1 , 2 a d d i t i o n , 3 J 4 a d d i t i o n , a n d 1 , 4 a d d i t i o n of h y d r o g e n ( L 6 ) . 
L i m o n e n e , a compound, h a v i n g a p a r t i a l l y s a t u r a t e d r i n g , h a s b e e n p a r t i a l l y 
h y d r o g e n a t e d in the i s o p r o p e n y l g r o u p to p r o d u c e p r i n c i p a l l y l - m e t h y l - 4 -
( l - m e t h y l e t h y l ) - l - c y c l o h e x e n e ( 1 7 ) . A l t h o u g h , t h e r e are n o t m a n y e x p e r i ­
m e n t a l d a t a on the s u b j e c t , it is g e n e r a l l y a s s u m e d t h a t c a t a l y t i c h y d r o ­
g e n a t i o n i n v o l v e s c i s - a d d i t i o n of h y d r o g e n to o l e f i n s ( L 8 ) . I t is a l s o 
t h o u g h t t h a t in h y d r o g e n a t i o n r e a c t i o n s the o l e f i n is a d s o r b e d to the 
c a t a l y s t s u r f a c e on its f l a t t e s t s i d e , a n d the h y d r o g e n is a d d e d on t h i s 
side of the m o l e c u l e ( 1 9 ) . This r e f e r s to h y d r o g e n a t i o n in a c i d i c , m e d i u m , 
h o w e v e r , s i n c e 4 - c h o l e s t e n e is h y d r o g e n a t e d in n e u t r a l m e d i u m to c o p r o -
s t a n e a n d in a c i d i c m e d i u m to c h o l e s t a n e . T h i s is i l l u s t r a t e d in F i g u r e 
5 , p a g e 5 5 ° W h e n the d o u b l e b o n d is in the 5 , 6 - p o s i t i o n in the s t e r o i d 
n u c l e u s , the same b e h a v i o r is observed.. T h u s , c h o l e s t e r o l is h y d r o g e n a t e d 
w i t h Pt in a c i d i c m e d i u m to p r o d u c e c h o l e s t a n e - 3 p - o l . ( 2 0 ) . 
A d o u b l e b o n d in t h e 7 , 3 - or 8 , 9 - p o s i t i o n in the s t e r o i d n u c l e u s , 
it is n o t h y d r o g e n a t e d a n d i s o m e r i z e s to the 8 , l ^ - p o s i t i o n on p a l l a d i u m or 
p l a t i n u m c a t a l y s t , as is i l l u s t r a t e d in F i g u r e 6 , p a g e 560 The i s o m e r i z a ­
t i o n is f a s t e r in a c e t i c a c i d m e d i u m ( 2 L ) . T h i s i s o m e r i z a t i o n is t h o u g h t 
( 1 6 ) C o r s o n , op_. c i t . , p p . 7 9 - 8 0 . 
( 1 7 ) Vo I p a t i e f f , B e r . , £ 3 , 3 5 ^ 6 ( 1 9 1 0 ) , P„ E m m e t t , C a t a l y s i s , 
V o l . I l l , R e i n h o l d P u b l i s h i n g C o r p o r a t i o n , N e w Y o r k , N . Y . , 1 9 5 5 , P» 83. 
( 1 8 ) C o r s o n , op,, c i t . , p . 9 7 . 
( 1 9 ) L . F i e s e r , a n d M . F i e s e r , S t e r o i d s , R e i n h o l d P u b l i s h i n g 
C o r p o r a t i o n , N e w Y o r k , N . Y . , 1 9 5 9 , p . 2 7 1 . 
( 2 0 ) I b i d . , p p . 2 7 2 a n d 2 7 . 
( 2 1 ) I b i d . , p p . 2 7 3 -
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tbcbe.an allylie r e a r r a n g e m e n t . T h e h y d r o g e n a t o m r e m o v e d a n d t h e one r e ­
t u r n e d to a n o t h e r c a r b o n a t o m b o t h a c t f r o m t h e s a m e s i d e of the m o l e c u l e s 
m e n t i o n e d a b o v e . T h e side o n w h i c h t h i s o c c u r s is a l s o the f l a t t e s t side 
of t h e m o l e c u l e . T h e s t e r o i d s s e e m t o be a g o o d c l a s s of c o m p o u n d s w i t h 
w h i c h t o d r a w s i m i l a r i t i e s to t he r e s i n a c i d s , s i n c e the f o r m e r m a t e r i a l s 
s e e m to be v e r y w e l l c h a r a c t e r i z e d a n d u n d e r s t o o d . T h i s d o e s n o t a p p e a r 
to be the cas e for t h e d i h y d r o a b i e t i c acids.''' 
O n the b a s i s of the f a c t s p r e s e n t e d a b o v e , if t h e r e is any s i m i ­
l a r i t y b e t w e e n the b e h a v i o r of t h e s t e r i o d s a n d the r e s i n a c i d s on h y d r o ­
g e n a t i o n , it is r e a d i l y s e e n t h a t it w o u l d be e x c e e d i n g l y d i f f i c u l t to 
p r e d i c t w h a t m i g h t be the r e s u l t u p o n h y d r o g e n a t i o n of a b i e t i c a c i d . 
If s i m p l i f y i n g a s s u m p t i o n s a r e m a d e , h o w e v e r , it is p o s s i b l e to d e s c r i b e 
the l i k e l y o u t c o m e of t he h y d r o g e n a t i o n . 
The f i r s t assumption iis t h a t in the a c e t i c a c i d s o l v e n t , a b i e t i c 
a c i d d o e s n o t u n d e r g o i s o m e r i z a t i o n . T h i s is b a s e d u p o n the f a c t t h a t 
a c i d i s o m e r i z a t i o n of p r i m a r y r e s i n a c i d s y i e l d s a b i e t i c a c i d a n d u p o n 
2 
t h e r e s u l t s of e x p e r i m e n t s d e s c r i b e d e a r l i e r . T h e s e c o n d a s s u m p t i o n is 
t h a t if a d i h y d r o a b i e t i c a c i d is p r o d u c e d f i r s t , it d o e s n o t i s o m e r i z e 
u n d e r the i n f l u e n c e of e i t h e r t h e c a t a l y s t or t he s o l v e n t . T h i s is m a d e 
w i t h o u t s u b s t a n t i a t i n g e v i d e n c e . T h e t h i r d a s s u m p t i o n is t h a t in t h e 
h y d r o g e n a t i o n , t h e m o l e c u l e is a d s o r b e d on its f l a t t e s t s i d e , a n d c i s -
a d d i t i o n of h y d r o g e n o c c u r s on t h i s s i d e of t he m o l e c u l e . T h i s a s s u m p t i o n 
is m a d e on t he b a s i s t h a t t h e h y d r o g e n a t i o n of t h e r e s i n a c i d s s h o u l d 
p a r a l l e l t h a t of t h e s t e r i o d s in this r e s p e c t , s i n c e b o t h c l a s s e s of 
S e e a b o v e , p a g e io» 
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A 4 Cholestene Cholestane 
F i g u r e 5• S o m e S t e r o i d H y d r o g e n a t i o n P r o d u c t s . 
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CH, 
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CH. 
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A 8' 9 Steroid 
CH-
CH, 
A y 
^ 1 A 8 ' 1 4 Steroid 
A 7 » 8 Steroid 
F i g u r e 6 . I s o m e r i z a t i o n o f U n s a t u r a t e d S t e r i o d s b y 
H y d r o g e n a t i o n C a t a l y s t s . 
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c o m p o u n d s h a v e r i n g s t r u c t u r e s r e l a t e d to s a t u r a t e d p h e n a n t h r e n e . W i t h 
t h e s e a s s u m p t i o n s , it is p o s s i b l e to say t h a t the s t r u c t u r e of the d i h y d r o ­
a b i e t i c a c i d p r o d u c e d is th a t w h i c h w o u l d r e s u l t f r o m a d d i t i o n of h y d r o ­
g e n to t h e a b i e t i c a c i d m o l e c u l e in one of t h r e e p o s s i b l e m a n n e r s . A d d i ­
t i o n to t h e 7 . 8 - p o s i t i o n , w o u l d r e s u l t in the f o r m a t i o n of c o m p o u n d ( i ) 
in F i g u r e 7 , p a g e 5 9 5 w h i l e a d d i t i o n to the 9«Imposition w o u l d l e a d to 
c o m p o u n d ( l l ) o If t h e h y d r o g e n w e r e a d d e d in a 1 , 4 - m a n n e r or to p o s i t i o n s 
7 a n d 9 in t h e a b i e t i c a c i d m o l e c u l e , c o m p o u n d (ill) w o u l d b e p r o d u c e d . 
T h e c o m p o u n d r e p r e s e n t e d by s t r u c t u r e ( i ) in F i g u r e 7 h a s b e e n 
p r e p a r e d f r o m a b i e t i c a c i d by r e d u c t i o n w i t h l i t h i u m m e t a l in l i q u i d 
a m m o n i a . It is f a i r l y w e l l c h a r a c t e r i z e d , b u t the s t e r o c h e m i s t r y of c a r ­
b o n 7 is n o t e s t a b l i s h e d ( 2 2 : ) . P r e p a r a t i o n of a s a m p l e of t h i s m a t e r i a l 
u s i n g t h e p r o c e d u r e g i v e n b y K e n n e d y ( 2 3 ) s f o l l o w e d by its h y d r o g e n a t i o n 
in t h e same m a n n e r t h a t w a s m o s t o f t e n u s e d for a b i e t i c acidj, y i e l d e d d a t a 
w h i c h w e r e p l o t t e d in a m a n n e r a n a l o g o u s to t h a t u s e d t h r o u g h o u t t h i s 
w o r k . W h i l e t h e d a t a w e r e n o t as go o d as w a s d e s i r e d , it w a s p o s s i b l e 
to a p p r o x i m a t e the r a t e c o n s t a n t v a l u e for t h e i n i t i a l r a t e of h y d r o g e n ­
a t i o n to be 2 9 8 x 1 0 ^ m i n . Vgi0 T h i s v a l u e w a s o b t a i n e d a t a t e m p e r a t u r e 
of 2So^°C a n d is far too large to be i d e n t i c a l w i t h t h a t u s u a l l y o b t a i n e d 
for the t h i r d p h a s e of the h y d r o g e n a t i o n of a b i e t i c a c i d . It is n o t 
gr e a t l y d i f f e r e n t f r o m t h e r a t e c o n s t a n t o b t a i n e d in t h e f i r s t p h a s e of 
the h y d r o g e n a t i o n of a b i e t i c a c i d . It s h o u l d b e p o i n t e d o u t t h a t t h i s 
d i h y d r o a b i e t i c a c i d w a s n o t v e r y s o l u b l e in g l a c i a l a c e t i c a c i d . N o r ­
m a l l y 1 0 0 m l . of a c e t i c a c i d w a s u s e d in the h y d r o g e n a t i o n r u n s . T h i s 
( 2 2 ) R o y a l s , op_. c i t . , p . 1 5 1 
( 2 3 ) R- K e n n e d y , A S t u d y of t h e S t r u c t u r e of a 7 , 8 - D i h y d r o ­
a b i e t i c A c i d , P h . D . T h e s i s , E m o r y U n i v e r s i t y , 1 9 5 6 , p . 5 2 . 
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m a t e r i a l r e q u i r e d the u s e of 1 2 5 m l . of s o l v e n t to d i s s o l v e c o m p l e t e l y 
the q u a n t i t y u s e d in t h i s r e a c t i o n ( 0 . 0 2 moles).. T h e p r o d u c t f r o m t h e 
h y d r o g e n a t i o n r e a c t i o n w a s i s o l a t e d a n d r e c r y s t a l l i z e d f r o m a c e t o n e a n d 
f o u n d to h a v e a m e l t i n g p o i n t of 1 7 7 - 1 7 8 ° C . 
F r o m t h i s e x p e r i m e n t it a p p e a r s t h a t an i n t e r m e d i a t e in t h e 
h y d r o g e n a t i o n of a b i e t i c a c i d d o e s n o t h a v e s t r u c t u r e (i) in F i g u r e 7 , 
b u t it w i l l be r e c a l l e d t h a t t h e s t e r e o c h e m i s t r y of c a r b o n 7 in R o y a l s ' 
7 , 8 - d i h y d r o a b i e t i c a c i d is n o t k n o w n . It w o u l d a p p e a r t h a t the s t e r e o ­
c h e m i s t r y a t t h i s c e n t e r c o u l d g r e a t l y e f f e c t the r a t e c o n s t a n t s of 
h y d r o g e n a t i o n of t h e p o s s i b l e d i a s t e r e o i s o m e r s w h i c h c o u l d r e s u l t f r o m 
v a r i a t i o n of the c o n f i g u r a t i o n at t h i s c a r b o n . The h y d r o g e n w h i c h w o u l d 
b e a d d e d a t c a r b o n 1 4 w o u l d be o n e i t h e r the s a m e s i d e or the o p p o s i t e 
s i d e of the m o l e c u l e as t h e i s o p r o p y l g r o u p a t c a r b o n 7 . If it w e r e 
a d d e d o n t h e same s i d e of t h e m o l e c u l e , t h i s c o u l d l e a d - t o v e r y s t r o n g 
1 , 3 - t y p e i n t e r a c t i o n b e t w e e n t h e s e two g r o u p s . I t m a y n e t be s a i d f r o m 
t h e d a t a f o u n d t h a t s t r u c t u r e (i) is n o t the i n t e r m e d i a t e f o r m e d in the 
h y d r o g e n a t i o n of a b i e t i c a c i d 5 b u t only t h a t the i n t e r m e d i a t e f o r m e d 
is v e r y l i k e l y n o t the same c o m p o u n d as t h a t s t u d i e d by R o y a l s a n d 
K e n n e d y . , 
S i n c e o t h e r d i h y d r o a b i e t i c a c i d s w e r e n o t a v a i l a b l e t h r o u g h k n o w n 
s y n t h e s e s , t h e only o t h e r r e a s o n a b l e a p p r o a c h to t h e p r o b l e m s e e m e d to 
be in the, i s o l a t i o n of the d i h y d r o a b i e t i c a c i d i n t e r m e d i a t e w h i c h is 
a p p a r e n t l y f o r m e d in the h y d r o g e n a t i o n of a b i e t i c a c i d u n d e r the c o n ­
d i t i o n s i n v e s t i g a t e d in t h i s w o r k . It w a s a l s o d e s i r e d to a t t e m p t 
i s o l a t i o n of t h e p r o d u c t s of t o t a l h y d r o g e n a t i o n of a b i e t i c a c i d . In 
e v e r y a t t e m p t t h a t w a s m a d e , n o s u c c e s s w a s a c h i e v e d . It w a s n o t p o s s i ­
b l e to s e p a r a t e the m i x t u r e s o b t a i n e d a t e i t h e r h a l f or t o t a l h y d r o g e n a -
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t i o n of the s u b s t r a t e . 
W h i l e m u c h w o r k c o u l d h a v e b e e n c o n d u c t e d in a n a t t e m p t to e l u c i ­
d a t e the s t r u c t u r e of some of t h e p r o d u c t s from, t h e s e r e a c t i o n , it 
w a s f i r s t i m p e r a t i v e t h a t p u r e c o m p o u n d s be o b t a i n e d f r o m the m i x t u r e 
of p r o d u c t s . V a r i o u s c h r o m a t o g r a p h i c t e c h n i q u e s w e r e u t i l i z e d in a n 
e f f o r t to a c h i e v e t h i s b u t w i t h o u t s u c c e s s . P a p e r c h r o m a t o g r a p h y , 
e l u t i o n c h r o m a t o g r a p h y , a n d g a s - l i q u i d - p a r t i t i o n c h r o m a t o g r a p h y w e r e all 
i n v e s t i g a t e d as p o s s i b i l i t i e s , b u t n o n e of t h e s e w e r e f o u n d to b e s u i t ­
a b l e . G a s - l i q u i d - p a r t i t i o n c h r o m a t o g r a p h y a p p e a r e d to be m o s t p r o m i s ­
ing, b u t the low v o l a t i l i t y of the c o m p o u n d s i n v e s t i g a t e d a n d the l o w , 
t h e r m a l l i m i t of the i n s t r u m e n t a v a i l a b l e f a i l e d to p r o d u c e s a t i s f a c t o r y 
r e s u l t s . 
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C H A P T E R III 
E X P E R I M E N T A L 
I n t r o d u c t i o n 
A l l b o i l i n g p o i n t s , m e l t i n g p o i n t s , a n d t e m p e r a t u r e s of r e a c t i o n s 
r e p o r t e d h e r e i n are u n c o r r e c t e d . M e l t i n g p o i n t s w e r e d e t e r m i n e d in 
c a p i l l a r y t u b e s in a c i r c u l a t i n g oil b a t h u s i n g a 360° i m m e r s i o n t y p e 
t h e r m o m e t e r . 
E q u i p m e n t a n d I n s t r u m e n t s 
T h e H y d r o g e n a t i o n A p p a r a t u s 
T h e h y d r o g e n a t i o n e x p e r i m e n t s r e p o r t e d h e r e i n w e r e c o n d u c t e d i n 
a P a r r P r e s s u r e R e a c t i o n A p p a r a t u s , s e r i a l n u m b e r 867, m a n u f a c t u r e d by 
t h e P a r r I n s t r u m e n t C o m p a n y , I n c o r p o r a t e d , M o l i n e , I l l i n o i s . Two d i f ­
f e r e n t s i z e s of h y d r o g e n a t i o n b o t t l e s w e r e u s e d w i t h t h e a p p a r a t u s . T h e 
t o t a l v o l u m e w i t h t h e s m a l l e r b o t t l e s w a s 4*43 1 . ( 2 4 ) • T h e r e w e r e t h r e e 
m a j o r p a r t s of the a p p a r a t u s . T h e f i r s t of t h e s e w a s a h y d r o g e n s t o r a g e 
tank of a p p r o x i m a t e l y four l i t e r c a p a c i t y w h i c h a c c o u n t e d for the m a j o r 
p a r t of the t o t a l v o l u m e of t h e s y s t e m . T h i s tank w a s e q u i p p e d w i t h a 
l a b o r a t o r y t e s t g a u g e of 60 p . s . i . c a p a c i t y c a p a b l e of b e i n g r e a d to 
w i t h i n 0.05 p . s . i . a n d w i t h a t h e r m o m e t e r w e l l in w h i c h a n o r d i n a r y 100° 
m e r c u r y t h e r m o m e t e r w a s k e p t for m e a s u r i n g t h e t e m p e r a t u r e of the t a n k . 
By m e a n s of s u i t a b l e v a l v e s , t h e t a n k w a s c o n n e c t e d to t h e s e c o n d p a r t 
(24) J» H e c h t , T h e C a t a l y t i c H y d r o g e n a t i o n of Q u i n o l i n e s , U n p u b l i s h e d 
M . S . T h e s i s , G e o r g i a I n s t i t u t e of T e c h n o l o g y , 1950, p . 28. 
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of the a p p a r a t u s : a P y r e x g l a s s r e a c t i o n b o t t l e of a p p r o x i m a t e l y 4 0 0 m l . 
c a p a c i t y . T h e b o t t l e , h e l d on a m o u n t c o n n e c t e d to a m o t o r t h r o u g h a 
s h a k e r a r m , w a s c a p a b l e of o s c i l l a t i o n . T h i s l a s t a n d t h i r d p a r t of 
the a p p a r a t u s , the m o t o r , e f f e c t e d a n a g i t a t i o n c y c l e of a p p r o x i m a t e l y 
2 8 0 c y c l e s per m i n u t e d u r i n g the h y d r o g e n a t i o n process.'. 7ne> h y d r o g e n a t i o n 
b o t t l e w a s c o n n e c t e d t h r o u g h s u i t a b l e v a l v e s to an oil t y p e v a c u u m p u m p 
for e v a c u a t i n g t h e r e a c t i o n b o t t l e . 
T h e F r a c t i o n a t i o n C o l u m n 
D i s t i l l a t i o n of the s o l v e n t s u s e d in t h e h y d r o g e n a t i o n e x p e r i m e n t s 
w e r e c o n d u c t e d in a T o d d P r e c i s i o n D i s t i l l a t i o n A s s e m b l y m a n u f a c t u r e d by 
the T o d d S c i e n t i f i c C o m p a n y , S p r i n g f i e l d , P a . T h e t h r e e f o o t f r a c t i o n a ­
t i o n c o l u m n u s e d h a d a d i a m e t e r of 12 m m . a n d w a s p a c k e d w i t h P o d b e l n i a k 
H e l i - P a k r a n d o m - t y p e p a c k i n g . T h s p a c k i n g , m a d e of t a n t a l u m , w a s 0.035 
i n c h x 0.070 i n c h x 0.070 i n c h ini s i z e . 
T h e I n f r a r e d A b s o r p t i o n S p e c t r o m e t e r 
T h e i n f r a r e d s p e c t r a m e n t i 
E l m e r M o d e l 21 I n f r a r e d D o u b l e - b e & m 
s o d i u m c h l o r i d e o p t i c s a n d c e l l s , 
t i o n a t a p p r o x i m a t e l y 5 p e r c e n t 
f r o m 2.0 to 1 5 . 0 m i c r o n s . 
The U l t r a v i o l e t A b s o r p t i o n S p e c t r 
The u l t r a v i o l e t s p e c t r a of 
a b i e t a t e w e r e m a d e u s i n g a B e c k m a 
one c e n t i m e t e r q u a r t z c e l l s . The 
a l c o h o l s o l u t i o n m a d e by d i s s o l v i 
p n e d h e r e i n w e r e d e t e r m i n e d on a P e r k i n -
R e c o r d i n g S p e c t r o m e t e r e q u i p p e d w i t h 
The s p e c t r a w e r e d e t e r m i n e d i n s o l u -
b o n c e n t r a t i o n a n d w e r e u s u a l l y r e c o r d e d 
© m e t e r 
the a b i e t i c a c i d a n d d i a m y l a m m o n i u m 
(in DU s p e c t r o p h o t o m e t e r e q u i p p e d w i t h 
s p e c t r a w e r e d e t e r m i n e d f r o m a n 
ng 0 .0500 g. of the m a t e r i a l in 9 5 p e r 
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c e n t e t h a n o l a n d d i l u t i n g to 5 0 m l . 
The P o l a r i m e t e r 
A L i p p i c h h a l f - s h a d o w p o l a r i m e t e r w a s u s e d in c o n j u n c t i o n w i t h 
a s o d i u m - v a p o r l a m p as l i g h t s o u r c e in the deteirmination of t h e o p t i ­
cal a c t i v i t y of d i a m y l a m m o n i u m a b i e t a t e and o t h e r r e s i n a c i d d e r i v a ­
t i v e s . T h e s o l u t i o n s to be t e s t e d w e r e i n t r o d u c e d i n t o four d e c i m e t e r 
g l a s s t u b e s a n d p l a c e d in the i n s t r u m e n t . 
The G a s - L i q u i d - P a r t i t i o n C h r o m a t o g r a p h y I n s t r u m e n t 
T h e g a s - l i q u i d - p a r t i t i o n c h r o m a t o g r a p h i c e x p e r i m e n t s w e r e c o n ­
d u c t e d in a P e r k i n - E l m e r V a p o r F r a c t o m e t e r - M o d e l 1 5 4 D . T h e y w e r e r u n 
on s e v e r a l d i f f e r e n t c o l u m n s w h i c h are d e s c r i b e d later."'' 
M a t e r i a l s 
A b i e t i c A c i d 
A b i e t i c a c i d w a s p r e p a r e d f r o m e i t h e r M a t h e s o n , C o l e m a n , a n d 
B e l l t e c h n i c a l g r a d e a b i e t i c a c i d or f r o m t a l l oil r o s i n by the m e t h o d 
p r o p o s e d in O r g a n i c S y n t h e s e s ( 2 5 ) , w i t h the e x c e p t i o n t h a t n i t r o g e n g a s 
w a s s u b s t i t u t e d for c a r b o n d i o x i d e g a s w h i c h w a s r e c o m m e n d e d . T h e 
t e c h n i c a l g r a d e a b i e t i c a c i d w a s u s e d in the b e g i n n i n g of this w o r k 
b u t w a s a b a n d o n e d l a t e r i n f a v o r of t h e tall oil r o s i n s i n c e t h i s w a s 
f o u n d to g i v e b e t t e r y i e l d s of a b i e t i c a c i d . S i n c e all of the b a t c h e s 
of the a c i d w e r e p u r i f i e d in the s a m e m a n n e r , t h i s i n d i c a t e s t h a t the 
1 OR, 
S e e b e l o w , p a g e 9 7 . 
( 2 5 ) G . H a r r i s a n d T. S a n d e r s o n , O r g a n i c S y n t h e s e s , V o l . 3 2 , 
J o h n W i l e y a n d S o n s , I n c o r p o r a t e d ^ ; N e w Y o r k , N . Y . , 1 9 5 2 , p p . 1 - 4 * 
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tall oil r o s i n w a s r i c h e r in a b i e t i c a c i d , or r e s i n a c i d s w h i c h i s o m e r i z e 
to a b i e t i c acid,, t h a n w a s the t e c h n i c a l g r a d e a b i e t i c a c i d . The m a t e r i a l 
o b t a i n e d in t h i s work, h a d a m e l t i n g p o i n t of 1 . 6 3 - L 6 5°C a n d s h o w e d a n 
a b s o r p t i o n m a x i m u m at 2 4 1 mp, w i t h an e x t i n c t i o n c o e f f i c i e n t of 2 4 , 0 0 0 * 
O p t i c a l r o t a t i o n d e t e r m i n a t i o n at 2 4 » 3 ° C in a b s o l u t e e t h a n o l y i e l d e d a 
s p e c i f i c r o t a t i o n of - 9 7 ° a t the D l i n e of sodium.''' 
A c e t i c A c i d 
G l a c i a l a c e t i c a c i d w a s p u r i f i e d by f r a c t i o n a t i o n t h r o u g h t h e T o d d 
c o l u m n . The c o n s t a n t b o i l i n g f r a c t i o n at 1 1 5 . 6 ° a n d 7 4 3 m m . p r e s s u r e 
w a s c o l l e c t e d a n d u s e d as s o l v e n t in m a n y of the h y d r o g e n a t i o n e x p e r i m e n t s . 
A c i n t o l s 
F o u r tall oil f r a c t i o n s c a l l e d A c i n t o l s w e r e s u p p l i e d by the 
A r i z o n a C h e m i c a l C o m p a n y , 3 0 R o c k e f e l l e r Plaza,, N e w Y o r k 2 0 , N . Y . 
S p e c i f i c a t i o n s for t h e s e m a t e r i a l s a r e g i v e n o n p a g e 13 • , 
A c i n t o l FA 1 . — T h i s m a t e r i a l w a s u s e d w i t h o u t a l t e r a t i o n . 
A c i n t o l FA 2 . — A c i n t o l FA 2 w a s u s e d as s u p p l i e d . 
A c i n t o l D . — T h i s m a t e r i a l w a s a l s o u s e d w i t h o u t p u r i f i c a t i o n . 
A c i n t o l P . - - T a l l oil p i t c h or A c i n t o l P w a s u s e d as s u p p l i e d in s o m e 
h y d r o g e n a t i o n e x p e r i m e n t s . In t h e s e e x p e r i m e n t s , h o w e v e r , it w a s n o t 
f o u n d p o s s i b l e to h y d r p g e n a t e the m a t e r i a l u n d e r the u s u a l c o n d i t i o n s u s e d 
for the o t h e r A c i n t o l s , a n d c a t a l y s t p o i s o n s w e r e s u s p e c t e d a s r e s p o n s i ­
b l e for t h i s . In o r d e r to r e m o v e a n y p o s s i b l e p o i s o n s , t h e f o l l o w i n g 
t r e a t m e n t s w e r e c a r r i e d o u t . 
'''Reported o p t i c a l r o t a t i o n ; - 1 0 6 ° a t 2 4 » 0 G a n d a t the D line of 
s o d i u m . 
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A s a m p l e of 15 G. of A c i n t o l P w a s a g i t a t e d w i t h 50 m l . of d i s ­
t i l l e d w a t e r a n d a l l o w e d to s t a n d o v e r n i g h t . S a m p l e s of the a q u e o u s 
s o l u t i o n w e r e t e s t e d w i t h a 0.2 M s o l u t i o n of l e a d a c e t a t e ( f o r p o s s i ­
b l e p r e s e n c e of s u l f i d e i o n ) , w i t h 0.1 M s i l v e r n i t r a t e s o l u t i o n (for 
p r e s e n c e of h a l i d e i o n ) , a n d w i t h 0.1 M b a r i u m c h l o r i d e (for PRESENCE 
of s u l f a t e or s u l f i t e i o n ) . A l l of t h e s e t e s t s g a v e n e g a t i v e r e s u l t s . 
A p p r o x i m a t e l y five g r a m s of A c i n t o l P w a s d i s s o l v e d in 100 m l . 
of t h i o p h e n e - f r e e b e n z e n e a n d e x t r a c t e d w i t h two p o r t i o n s of 25 m l . of 
d i s t i l l e d w a t e r . T h e a q u e o u s e x t r a c t w a s t h e n w a s h e d w i t h t h r e e 50 m l . 
p o r t i o n s o f . t h i o p h e n e - f r e e b e n z e n e f o l l o w e d by w a s h i n g w i t h a l i k e n u m b e r 
of 50 m l . p o r t i o n s of d i e t h y l e t h e r . T r e a t m e n t of s a m p l e s of t h e a q u e o u s 
s o l u t i o n w i t h the t e s t m a t e r i a l s , m e n t i o n e d a b o v e , a g a i n r e s u l t e d in all 
n e g a t i v e r e s u l t s . O t h e r s a m p l e s w e r e t r e a t e d w i t h 5 p e r c e n t b r o m i n e 
in c h l o r o f o r m a n d 2 p e r c e n t p o t a s s i u m p e r m a n g a n a t e t e s t s o l u t i o n . T h e 
b r o m i n e w a s n o t d e c o l o r i z e d , b u t the p o t a s s i u m p e r m a n g a n a t e w a s r e d u c e d 
r a p i d l y . 
S i x g r a m s of A c i n t o l P d i s s o l v e d in 100 m l . of t h i o p h e n e - f r e e 
b e n z e n e w a s p l a c e d in a h y d r o g e n a t i o n b o t t l e w i t h a p p r o x i m a t e l y one g r a m 
of m o i s t R a n e y n i c k e l c a t a l y s t , The m i x t u r e w a s a g i t a t e d for 4-0 m i n u t e s 
on t h e h y d r o g e n a t i o n a p p a r a t u s b u t in the a b s e n c e of a i r or h y d r o g e n . 
R e m o v a l of t h e n i c k e l by f i l t r a t i o n a n d s u b s e q u e n t h y d r o g e n a t i o n of the 
f i l t r a t e u s i n g 0.10 g. P t 0 2 r e s u l t e d in a b s o r p t i o n of e n o u g h h y d r o g e n to 
c a u s e a d e c r e a s e in p r e s s u r e of o n l y 0.25 p.s.i.., or only a p p r o x i m a t e l y 
10 p e r c e n t of the a m o u n t t h a t w o u l d b e e x p e c t e d on the b a s i s of the 
i o d i n e n u m b e r of t h i s material..' 1' 
'''See a b o v e , p a g e 1 3 . 
In o r d e r to r e m o v e the a c i d i c c o m p o n e n t s of A c i n t o l P for h y d r o ­
g e n a t i o n , 50 g. of t h i s tall oil f r a c t i o n in 120 m l . of t h i o p h e n e - f r e e 
b e n z e n e w a s e x t r a c t e d a t r e f l u x w i t h 10.2 g. of 50 p e r c e n t s o d i u m 
h y d r o x i d e s o l u t i o n for one h o u r . A c c o r d i n g to t h e s a p o n i f i c a t i o n d a t a 
for A c i n t o l P,"*" t h i s a m o u n t of b a s e is a 10 p e r c e n t e x c e s s of t h a t 
n e e d e d to s a p o n i f y 50 g. of A c i n t o l P. The b e n z e n e w a s r e m o v e d u n d e r 
v a c u u m , a n d 2 5 0 m l . of w a t e r w a s a d d e d . A f t e r 15 m i n u t e s of c o n t i n u e d 
r e f l u x i n g , the m i x t u r e w a s c o o l e d a n d e x t r a c t e d w i t h f o u r p o r t i o n s (50, 
50, 50, a n d 100 ml.) of d i e t h y l e t h e r . The a q u e o u s l a y e r w a s a c i d i f i e d 
w i t h s u l f u r i c a c i d a n d then e x t r a c t e d w i t h t h r e e p o r t i o n s (50, 50, a n d 
100 ml.) of e t h e r . T h e s e e t h e r e x t r a c t i o n s w e r e p l a c e d in a 500 m l . 
E r l e n m e y e r flask a n d , a f t e r v i g o r o u s a g i t a t i o n , w e r e a l l o w e d to s t a n d 
o v e r n i g h t . T h e e t h e r e a l s o l u t i o n w a s r e m o v e d by m e a n s of a s e p a r a t o r y 
f u n n e l a n d w a s d r i e d o v e r a n h y d r o u s m a g n e s i u m s u l f a t e . A f t e r f i l t r a t i o n 
of the s o l u t i o n a n d e v a p o r a t i o n of t h e e t h e r , 2 4 g. of a c i d i c m a t e r i a l 
r e s u l t e d . T h e p r o d u c t w a s s o l u b l e in g l a c i a l a c e t i c a c i d in c o n t r a s t to 
t h e i n s o l u b l e n a t u r e of the p a r e n t A c i n t o l P. H y d r o g e n a t i o n s of t h i s 
p r o d u c t in a c e t i c a c i d s o l u t i o n u s i n g 0.10 g. P t 0 2 w e r e f o u n d to p r o d u c e 
p r e s s u r e d r o p s of o n l y 0.15 to 0.50 p . s . i . in the h y d r o g e n a t i o n s y s t e m . 
A q u a n t i t y of 50 g. of A c i n t o l P w a s r e f l u x e d w i t h 2 0 0 m l . of 
d i s t i l l e d g l a c i a l a c e t i c a c i d . W h e n c o o l e d , the m i x t u r e s e p a r a t e d i n t o 
two l i q u i d p h a s e s . A v o l u m e of 2 0 5 m l . of a n a c e t i c a c i d s o l u t i o n w a s 
r e m o v e d by a s e p a r a t o r y f u n n e l . T h i s w a s d i v i d e d i n t o two p o r t i o n s of 
equal v o l u m e . The f i r s t w a s h y d r o g e n a t e d u s i n g 0.10 g. P t 0 2 a n d f o u n d 
to p r o d u c e a p r e s s u r e d r o p of O . 8 5 p . s . i . in 2 8 m i n u t e s . T h e o t h e r 
S e e a b o v e , p a g e 13 . 
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p o r t i o n w a s s h a k e n for a p e r i o d of t w o h o u r s w i t h five g r a m s of R a n e y 
n i c k e l . N i n e t y - f i v e m i l l i l i t e r s of t h e r e s u l t i n g s o l u t i o n w a s r e m o v e d 
by d e c a n t a t i o n a n d w a s h y d r o g e n a t e d u s i n g 0.10 g. P t 0 2 c a t a l y s t . T h i s 
p r o d u c e d a p r e s s u r e d r o p of 0,35 p . s . i . 
A v o l u m e of 4-0 m l . of A c i n t o l P, w h i c h u n d o u b t e d l y c o n t a i n e d s o m e 
a c e t i c a c i d , w a s f o u n d n o t t o be d i s s o l v e d by t h e a c e t i c a c i d t r e a t m e n t 
m e n t i o n e d a b o v e . T h i s m a t e r i a l w a s h e a t e d a t r e f l u x w i t h 2 0 0 m l . 
m e t h a n o l for one h o u r . The a l c o h o l l a y e r , w h i c h r e s u l t e d a f t e r c o o l i n g , 
w a s r e m o v e d a n d f o u n d to c a u s e a d r o p of 0.35 p . s . i . p r e s s u r e w h e n h y d r o ­
g e n a t e d u s i n g 0.10 g. P t 0 2 . 
A p i e z o n - N 
T h i s h i g h g r a d e s t o p c o c k g r e a s e , m a n u f a c t u r e d by M e t r o p o l i t a n -
V i c k e r s E l e c t r i c a l C o m p a n y , L t d . a n d o b t a i n e d f r o m J a m e s C . B i d d l e 
C o m p a n y , P h i l a d e l p h i a , P a . , w a s u s e d as s u p p l i e d in the p r e p a r a t i o n of 
g a s c h r o m a t o g r a p h y c o l u m n f o u r . 
A s c o l u b e 
A silicone s t o p c o c k g r e a s e s u p p l i e d by A s c o M a n u f a c t u r i n g C o m p a n y , 
W e b s t e r , N« Y . , w a s u s e d as r e c e i v e d in the p r e p a r a t i o n of gas c h r o m a t o ­
g r a p h y c o l u m n f i v e . 
B e n z e n e 
C h e m i c a l l y P u r e t h i o p h e n e - f r e e b e n z e n e w a s u s e d w i t h o u t f u r t h e r 
p u r i f i c a t i o n . 
B e n z o i c A c i d 
S t a n d a r d i z a t i o n of t h e c a t a l y s t a c t i v i t y w a s a c c o m p l i s h e d by u s i n g 
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e i t h e r the M a l l i n c k r o d t A n a l y t i c a l R e a g e n t g r a d e or M e r c k R e a g e n t g r a d e 
w i t h o u t f u r t h e r ^ p u r i f i c a t i o n . 
C a r b o n D i s u l f i d e 
R e a g e n t g r a d e c a r b o n d i s u l f i d e w a s p r e f e r r e d for s p e c t r a d e t e r m i n a ­
t i o n s a n d w a s u s e d a f t e r d r y i n g o v e r s i l i c a g e l . 
C a r b o n T e t r a c h l o r i d e 
T h i s m a t e r i a l a l s o w a s u s e d for s p e c t r a d e t e r m i n a t i o n s a n d w a s 
d r i e d o v er s i l i c a g e l . 
Catalysts 
T h r e e l o t s of A d a m s ' p l a t i n u m o x i d e c a t a l y s t w e r e u s e d in the 
c o u r s e of t h i s w o r k . L o t A w a s o b t a i n e d f r o m J . B i s h o p a n d C o m p a n y , 
P l a t i n u m W o r k s , M a l v e r n , P a . a n d w a s d e s i g n a t e d by t h e m a n u f a c t u r e r s l o t 
n u m b e r 5 4 4 « L o t B w a s m a n u f a c t u r e d by B a k e r a n d C o m p a n y , I n c o r p o r a t e d , 
( n o w E n g e l h a r d I n d u s t r i e s , / I n c o r p o r a t e d ) . L o t C w a s m a n u f a c t u r e d by 
E n g e l h a r d I n d u s t r i e s , I n c o r p o r a t e d , 1 1 3 A s t o r S t r e e t , N e w a r k 2 , N . J . 
a n d s p e c i f i e d as lot n u m b e r 1 1 . 
C h l o r o f o r m 
T e c h n i c a l g r a d e c h l o r o f o r m d r i e d o v e r s i l i c a gel w a s u s e d in 
s p e c t r a d e t e r m i n a t i o n s a n d in s o m e of t h e c h r o m a t o g r a p h y e x p e r i m e n t s 
w i t h o u t p u r i f i c a t i o n . 
C h r o m a s o r b P 
T h i s m a t e r i a l is m a n u f a c t u r e d by J o h n s - M a n v i l l e C o m p a n y , 2 2 E a s t 
4 0 T H S t r e e t , N e w Y o r k 1 6 , N . Y . , a n d v a r i o u s s a m p l e s h a v i n g d i f f e r e n t 
p a r t i c l e s i z e s w e r e u s e d in t h e p r e p a r a t i o n of s e v e r a l of the g a s c h r o -
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matography columns. 
Cyclohexane 
Purification of ordinary solvent cyclohexane was accomplished 
using the method of Crowe and Smyth (26). The material boiled at 
7 9 « 6 ° at a pressure of 737 .5 mm. and had a refractive index of 1.4218 
at 28 . 4 ° using sunlight. 
Diazomethane 
The method of DeBoer (27) was used for the preparation of diazo­
methane. The "Diazald" (N-methyl-N-nitroso-p-toluenesulfonamide) 
used in this preparation was obtained from Aldrich Chemical Company, 
Inc., 2 3 6 9 North 29th Street, Milwaukee 1Q, Wisconsin. 
Diethyl ether 
Technical grade diethyl ether was used as obtained except when 
it was important to use dry ether. In these cases, approximately three 
liter quantities were dried in a dark brown bottle with sodium wire. The 
bottle was equipped with a calcium chloride drying tube. 
2,2-Dimethoxypropane 
A sample of 2,2-dimethoxy propane was obtained from Dow Chemical 
Company, Freeport, Texas, and distilled at 7 3 8„8 mm. pressure to give 
a fraction which boiled from 6 6 . 0 - 7 9 » 0 G C . 
Dow Corning High Vacuum Silicone Stopcock Grease 
This material is manufactured by the Dow Corning Corporation, 
(26) R. Crowe and C. Smyth, J . Am. Chem. S o c , 7 3 , 5 4 0 7 ( L 9 5 L ) . 
(27) T. DeBoer, R e c trav. chim., 7 3 , 229 ( 1 9 5 4 ) . 
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M i d l a n d , M i c h i g a n , a n d w a s u s e d in p r e p a r i n g gas c h r o m a t o g r a p h y c o l u m n s 
one a n d t w o . 
D i a m y l a m i n e 
Two d i f f e r e n t g r a d e s of d i a m y l a m i n e w e r e used. T h e f i r s t of t h e s e 
w a s w h i t e label g r a d e s u p p l i e d by D i s t i l l a t i o n P r o d u c t s , I n d u s t r i e s , 
R o c h e s t e r , N . Y . It w a s u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . A less 
e x p e n s i v e m a t e r i a l w a s d i a m y l a m i n e N o . 14-58 s u p p l i e d by S h a r p i e s C h e m i c a l 
D i v i s i o n , P e n n S a l t C o m p a n y , 3 P e n n C e n t e r , P h i l a d e l p h i a 2 , P a . , a n d w a s 
a m i x t u r e of i s o m e r i c d i a m y l a m i n e s . It w a s p u r i f i e d by d i s t i l l i n g a 
4 5 0 ml. sample from 3 0 g. of granular zinc. The 3 6 6 ml. fraction boil­
ing a t 1 9 3 ° a n d 74-0 m m . p r e s s u r e w a s u s e d . 
D i a m y l a m m o n i u m A b i e t a t e 
T h e m e t h o d u s e d for the p r e p a r a t i o n of t h i s c o m p o u n d w a s i d e n t i c a l 
to t h a t u s e d for t h e p r e p a r a t i o n of a b i e t i c a c i d . In t h e p r e p a r a t i o n of 
th e f r e e a c i d , the d i a m y l a m i n e s a l t is p r o d u c e d as a n i n t e r m e d i a t e . 
W h e n u s e d for t h e p u r p o s e of i s o l a t i n g p u r e d i a m y l a m m o n i u m a b i e t a t e , only 
a s l i g h t m o d i f i c a t i o n of t h e p r o c e d u r e w a s n e c e s s a r y . T h e 2 2 8 g.. of 
d i a m y l a m m o n i u m a b i e t a t e p r o d u c e d in the f o r m e r p r o c e d u r e w a s r e m o v e d 
f r o m t h e a c e t o n e s o l u t i o n b y f i l t r a t i o n . T h e c r y s t a l l i n e p r o d u c t i s o l a t e d 
in t h i s m a n n e r w a s r e c r y s t a l l i z e d t w i c e f r o m a m i x t u r e of 6 0 0 m l . of 
a c e t o n e a n d 3 3 0 m l . of 9 5 p e r c e n t e t h a n o l to y i e l d a p r o d u c t w h i c h 
w e i g h e d 14 .0 g. a f t e r d r y i n g . T h e m e l t i n g p o i n t w a s 1 4 . 0 . 0 - 1 4 - 0 . 2 ° , a n d the 
s p e c i f i c r o t a t i o n w a s f o u n d to be - 7 6 . 9 ° in a b s o l u t e e t h a n o l s o l u t i o n 
u s i n g t h e D l i n e of s o d i u m . T h e u l t r a v i o l e t s p e c t r u m of t h e c o m p o u n d 
s h o w e d a n a b s o r p t i o n m a x i m u m a t 24.1 mp, a n d h a d a n e x t i n c t i o n c o e f f i c i e n t 
of 2 0 , 3 0 0 . 
71 
7 , 8 - D i h y d r o a b i e t i c A c i d 
The s t r u c t u r e of t h i s m a t e r i a l w a s d i s c u s s e d by R o y a l s (28), a n d 
the p r e p a r a t i o n w a s g i v e n by K e n n e d y (29)• Into a t h r e e l i t e r r o u n d 
b o t t o m e d t h r e e n e c k e d flask w a s p l a c e d 6 6 . 0 g. of d i a m y l a m m o n i u m a b i e ­
t a t e . T h e flask w a s e q u i p p e d w i t h a t e f l o n s t i r r i n g p a d d l e p o w e r e d w i t h 
a n e l e c t r i c m o t o r , a d r y i c e - a c e t o n e c o n d e n s e r , a n d a s e c o n d dry i c e -
a c e t o n e c o n d e n s e r c o n n e c t e d to t h e f l a s k t h r o u g h a two n e c k e d a d a p t e r . 
T h e s e c o n d n e c k of t h e a d a p t e r w a s s t o p p e r e d w i t h a g r o u n d g l a s s s t o p p e r . 
To the top e x i t t u b e of e a c h c o n d e n s e r w a s f i t t e d a l e n g t h of r u b b e r 
t u b i n g . The t u b e f r o m the f i r s t c o n d e n s e r w a s c o n n e c t e d to a c y l i n d e r 
of a m m o n i a g a s w h i l e t h a t from, t h e s e c o n d w a s c o n n e c t e d to a m a n o m e t e r 
a n d a v a c u u m p u m p . T h e f l a s k w a s s u s p e n d e d in a l a r g e p a n f i l l e d w i t h 
dry ice a n d a c e t o n e . T h e v a c u u m p u m p w a s u t i l i z e d to e v a c u a t e the s y s t e m 
a n d to m a i n t a i n i t u n d e r a s l i g h t l y r e d u c e d p r e s s u r e a f t e r it h a d b e e n 
t h o r o u g h l y f l u s h e d w i t h a m m o n i a g a s . A m m o n i a gas w a s s l o w l y a d m i t t e d to 
t h e s y s t e m a n d c o n d e n s e d u n t i l a p p r o x i m a t e l y 4Q© m l . of t h e l i q u i d h a d 
c o l l e c t e d . T h e s y s t e m t h e n w a s o p e n e d to t h e a t m o s p h e r e by d i s c o n n e c t i n g 
the m a n o m e t e r c o n n e c t i n g t u b e . A t this t i m e , 4 0 0 m l . of a n h y d r o u s e t h e r 
w a s a d d e d c a r e f u l l y to the f l a s k , a n d t h e c o o l i n g b a t h w a s r e m o v e d . 
T h e s t i r r i n g w a s b e g u n a n d 1 0 g. of l i t h i u m m e t a l w a s a d d e d s l o w l y t h r o u g h 
the p r e v i o u s l y s t o p p e r e d n e c k of the two n e c k e d a d a p t e r in small p i e c e s 
m e a s u r i n g 0.5 i n . by 0.25 i n . c u t f r o m a s t r i p of l i t h i u m r i b b o n . A f t e r 
a d d i t i o n of the m e t a l w a s c o m p l e t e d , t h e a g i t a t i o n of the c o n t e n t s of 
(28) R o y a l s , OJD. c i t . , p . 151• 
(29) R. K e n n e d y , A S t u d y of t h e S t r u c t u r e of a 7 , 8 - D i h y d r o a b i e t i c 
A c i d , U n p u b l i s h e d P h . D . T h e s i s , E m o r y U n i v e r s i t y , 1956, p . 52. 
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the system was continued for one hour and 4 5 minutes. The cooling bath 
was returned to the f lask , and 250 ml. of absolute ethanol was added 
slowly and cautiously from a dropping funnel f i t ted to the top of the 
two necked adapter. The cooling bath was removed and the contents of the 
f lask were allowed to warm to room temperature. By means of a g las-co l 
heating mantle, the excess ether and ammonia were evaporated from the 
system. Next, a mixture of 100 ml. of d i s t i l l ed water and 600 ml. of 
I 
9 5 per cent ethanol was added and, after ac id i f icat ion of the solut ion 
with di lute HC1 and cooling with an ice-hydrochloric acid bath, a precip­
itate resul ted. This so l id was removed by f i l t ra t ion and washed with two 
portions of 500 ml. of d i s t i l l ed water. After drying overnight in the 
vacuum desiccator over sodium sul fa te , the precipitate weighed 4 1 . 2 g . 
The so l id was placed in a 500 ml. Erlenmeyer f lask and dissolved in 250 
ml. of acetone. After decolorization with carbon black and f i l t r a t i on , 
the solut ion was cooled slowly to room temperature and then placed in a 
refr igerator . Seven hours later , the crysta ls which were formed were 
separated from the solut ion.by f i l t ra t ion and dried in the vacuum desic­
cator over sodium sul fa te. The crysta ls weighed 20.3 g . and had a melt­
ing point of 173-176° . 1 
Ethanol 
Both absolute and 9 5 per cent ethanol were used as obtained. 
Hydrogen 
The hydrogen gas was supplied in cyl ihdsrsrby 'the National 
Cylinder Gas Company, At lanta, Ga. , and was used without further pu r i f i -
''•Repbrted: 173-181° without rec rys ta l l i za t ion . 
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c a t i o n . 
F u l l y - H y d r o g e n a t e d A b i e t i c A c i d a n d Its M e t h y l E s t e r 
F o u r h y d r o g e n a t i o n r e a c t i o n r u n s w e r e c a r r i e d o u t u s i n g m e t h o d 
one."*" In e a c h c a s e , 9 » 1 4 - g» d i a m y l a m m o n i u m a b i e t a t e in 1 0 0 m l . g l a c i a l 
a c e t i c a c i d w a s h y d r o g e n a t e d u s i n g 0 . 4 - 0 g. A d a m s ' c a t a l y s t . T h e r e a c t i o n 
w a s r u n o v e r n i g h t a n d t h e p r e s s u r e d e c r e a s e of t he s y s t e m c o r r e s p o n d e d 
to 2 . 0 1 , 1 . 9 9 , 1 * 8 8 , a n d 2 . 1 1 m o l e s of h y d r o g e n a b s o r b e d p e r m o l e of 
a c c e p t o r for t h e four r u n s . I n e a c h of the f o u r c a s e s , t h e c a t a l y s t w a s 
r e m o v e d by f i l t r a t i o n , a n d t h e s o l u t i o n w a s f o r c e d in a t h i n s t r e a m 
i n t o t w o l i t e r s of d i s t i l l e d w a t e r . T h e s o l u t i o n w a s d e c a n t e d f r o m t h e 
r e s u l t i n g p r e c i p i t a t e , a n d t h e l a t t e r w a s w a s h e d w i t h t w o l i t e r s of d i s ­
t i l l e d w a t e r . A f t e r d i s s o l v i n g t h e s o l i d in a p p r o x i m a t e l y 6 0 0 m l . d i e t h y l 
e t h e r , the r e s u l t i n g s o l u t i o n w a s d r i e d over a n h y d r o u s s o d i u m s u l f a t e . 
The e t h e r e a l s o l u t i o n s of t h e four p r e c i p i t a t e s w e r e f i l t e r e d a n d c o m ­
b i n e d , a n d a f t e r e v a p o r a t i o n of t h e e t h e r , 2 2 . 2
 ;g.« of s o l i d r e m a i n e d . 
O n e g r a m s a m p l e s of the m a t e r i a l w e r e d i s s o l v e d in 1 5 m l . of a n -
h y d r o u s d i e t h y l e t h e r in a 5 0 m l . E r l e n m e y e r f l a s k a n d t r e a t e d w i t h a n 
e t h e r s o l u t i o n of d i a z o m e t h a n e , d r o p w i s e , u n t i l t h e s o l u t i o n h a d a f a i n t 
I 
y e l l o w i s h , c a s t . T h e m e t h y l e s t e r of the f u l l y - h y d r o g e n a t e d a b i e t i c a c i d 
in this e t h e r e a l s o l u t i o n w a s a l l o w e d to s t a n d in t h e h o o d u n t i l m o s t 
of the e t h e r h a d b e e n e v a p o r a t e d a n d t h e n w a s w a r m e d in a h o t w a t e r b a t h 
to e f f e c t t h e r e m o v a l of t he r e m a i n i n g e t h e r . T h e s e s a m p l e s w e r e u s e d 
in the g a s - l i q u i d - p a r t i t i o n c h r o m a t o g r a p h y e x p e r i m e n t s . 
S E E BELOW, PAGE 7 8 « 
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Half-Hydrogenated Abietic Acid, and Its Methyl Ester 
In a manner very much analogous to the above procedure, four hydro­
genation runs were conducted using 9*14 g. diamylammonium abietate, 100 
ml. glacial acetic acid, and 0.40 g. Adams' catalyst. In these runs, 
however, the shaking device was discontinued when the pressure of the 
hydrogen had decreased an amount corresponding to 1.35 moles of hydrogen 
per mole of acceptor. The catalyst was removed from the solution by 
filtration through a sintered glass funnel, and the solution was forced 
in a fine jet into three liters of water by means of a pipette. The 
aqueous solution which resulted was decanted from the precipitate, the 
solid washed with three two liter portions of distilled water, and dis­
solved in one liter of diethyl ether. Drying of the ethereal solution was 
accomplished by allowing it to stand over anhydrous sodium sulfate which 
was later removed by filtration. The ether was; boiled off on the steam 
bath using the water aspirator to decrease the boiling point. A yield 
of 23.2 g. half-hydrogenated abietic acid was obtained. 
One gram samples of this solid were este.-rified in the exact manner 
as that used for the preparation of the methyl ester of fully-hydro-
genated abietic acid. 
Methanol^ Anhydrous 
A quantity of 1500 ml. of commercial absolute methanol was placed 
in a two liter round bottomed flask with 15 g. of magnesium ribbon. The 
vessel was equipped with a Friedrichs reflux condenser and a drying tube 
containing "Drierite". The mixture was allowed to stand overnight as 
the reaction proceeded. After this, the flask was fitted with a glas-col 
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h e a t i n g m a n t e l a n d b r o u g h t to r e f l u x for t w o a n d o n e - h a l f h o u r s . T h e 
m e t h a n o l w a s t h e n d i s t i l l e d r a p i d l y t h r o u g h the T o d d c o l u m n . 
M e t h y l A b i e t a t e 
T h i s m a t e r i a l w a s p r e p a r e d in a m a n n e r e x a c t l y a n a l o g o u s to t h e 
p r e p a r a t i o n of the m e t h y l e s t e r s of h a l f - a n d f u l l y - h y d r o g e n a t e d a b i e t i c 
a c i d . 
M e t h y l E s t e r s of t h e A c i d s of A c i n t o l FA 2 
A c i n t o l FA 2 w a s s u b j e c t e d to c o n v e n t i o n a l e s t e r i f i c a t i o n c o n d i ­
t i o n s by d i s s o l v i n g 150 g. of the m a t e r i a l in 6 0 0 m l . of a n h y d r o u s 
m e t h a n o l in a one l i t e r r o u n d b o t t o m e d f l a s k . E i g h t m i l l i l i t e r s of c o n ­
c e n t r a t e d s u l f u r i c a c i d w a s a d d e d , a n d the c o n t e n t s of the flask w e r e t h e n 
h e a t e d u n d e r r e f l u x for 17 h o u r s . T h e w a r m s o l u t i o n w a s p o u r e d i n t o 250  
m l . of w a t e r c o n t a i n i n g 25 g» of s o d i u m c h l o r i d e , a n d the m i x t u r e t h e n 
w a s e x t r a c t e d w i t h t h r e e 50 m l . p o r t i o n s of d i e t h y l e t h e r . The c o m b i n e d 
e t h e r e x t r a c t s t h e m s e l v e s w e r e w a s h e d w i t h two 100 m l . p o r t i o n s of w a t e r . 
T h e e t h e r s o l u t i o n of t h e e s t e r i f i e d m i x t u r e of a c i d s of A c i n t o l FA 2 
w a s p l a c e d in a 150 m l . flask w i t h 30  g. of h y d r o x y l p h a s e D o w e x 3 
r e s i n {33% w a t e r , e x c h a n g e c a p a c i t y 2.1 m e g . / g . , dry) and a l l o w e d to 
r e m a i n in c o n t a c t w i t h t h e r e s i n a t r o o m t e m p e r a t u r e for t h r e e h o u r s . 
T h e r e s i n w a s r e m o v e d by f i l t r a t i o n a n d w a s h e d w i t h 20  m l . d i e t h y l e t h e r . 
S o d i u m s u l f a t e w a s u s e d to d r y the c o m b i n e d e t h e r e a l s o l u t i o n s . A f t e r 
r e m o v a l of the d r y i n g a g e n t by f i l t r a t i o n a n d e v a p o r a t i o n of the e t h e r 
f r o m t h e e s t e r s by u s i n g a w a t e r a s p i r a t o r a n d s t e a m b a t h , 143 g» of t h e 
e s t e r s of A c i n t o l FA 2 r e m a i n e d . T h e i n f r a r e d s p e c t r u m of t h i s m a t e r i a l 
s h o w e d the p r e s e n c e of a c a r b o n y l a b s o r p t i o n a t 5»74 ji-
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M e t h y l O l e a t e 
T h e m e t h o d of L o r e t t e a n d B r o w n ( 3 0 ) w a s u s e d for the e s t e r i f i -
c a t i o n of o l e i c a c i d . T h e r e s u l t i n g m e t h y l o l e a t e w a s d i s t i l l e d t h r o u g h 
a V i g r e u x c o l u m n i n t h e T o d d d i s t i l l a t i o n a p p a r a t u s . T h e f r a c t i o n b o i l ­
ing f r o m 1 4 . 7 - 1 6 0 0 a t one m i l l i m e t e r p r e s s u r e w a s c o l l e c t e d for r e d i s ­
t i l l a t i o n . T h e redistillation, y i e l d e d a f r a c t i o n b o i l i n g at 1 6 3 . 8 - 1 6 7 . 0 ° 
a t one m i l l i m e t e r w h i c h w e i g h e d 1 4 - 7 . 0 g« The i n f r a r e d s p e c t r u m of th i s 
m a t e r i a l s h o w e d t h e p r e s e n c e of a c a r b o n y l a b s o r p t i o n a t 5 . 7 5 jo.. 
M e t h y l S t e a r a t e 
E i g h t g r a m s o f M a t h e s o n , C o l e m a n , a n d B e l l t e c h n i c a l g r a d e s t e a r i c 
a c i d w a s p l a c e d in a 2 5 0 m l . F l o r e n c e flask a t t a c h e d to a r e f l u x c o n ­
d e n s e r . A q u a n t i t y of 1 5 0 m l . of a b s o l u t e m e t h a n o l w a s a d d e d f o l l o w e d 
by 0 . 2 m l . c o n c e n t r a t e d s u l f u r i c apid. T h e s o l u t i o n then w a s h e a t e d o n e 
h o u r a n d 1 5 m i n u t e s u n d e r r e f l u x . T h e s o l u t i o n , w h i l e still h o t , w a s 
r a p i d l y p o u r e d into o n e l i t e r of d i s t i l l e d w a t e r . V i g o r o u s s h a k i n g of 
t h e r e s u l t i n g m i x t u r e , f o l l o w e d by e x t r a c t i o n w i t h 3 0 0 m l . d i e t h y l e t h e r 
y i e l d e d a n e t h e r e a l solution, of the m e t h y l s t e a r a t e . T h i s s o l u t i o n w a s 
e x t r a c t e d t h r e e t i m e s w i t h 2 0 0 m l . q u a n t i t i e s of 5 p e r c e n t p o t a s s i u m 
h y d r o x i d e s o l u t i o n a n d t h e n by 3 0 0 m l . of d i s t i l l e d w a t e r . T h e e t h e r 
s o l u t i o n w a s d r i e d w i t h a n h y d r o u s s o d i u m s u l f a t e , t h e d r y i n g a g e n t r e ­
m o v e d by f i l t r a t i o n , a n d t h e s o l v e n t e v a p o r a t e d o n the s t e a m b a t h a n d 
w a t e r a s p i r a t o r to y i e l d 8 . 2 g . of m e t h y l s t e a r a t e . 
M i c r o B e a d s 
T h e s e b e a d s w e r e of g l a s s a n d w e r e 5 0 / 8 0 m e s h in s i z e . T h e y 
( 3 0 ) N . L o r e t t e a n d J . B r o w n , J r . , J . Org_. C h e m . , 2 4 , 2 6 L ( 1 9 5 9 ) „ 
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w e r e m a n u f a c t u r e d b y Micro-beads, I n c o r p o r a t e d . 
O l e i c A c i d 
B a k e r U . S . P . o l e i c acid, w a s f r a c t i o n a t e d a t r e d u c e d p r e s s u r e 
t h r o u g h t h e T o d d c o l u m n w i t h g r e a t d i f f i c u l t y d u e to its h i g h b o i l i n g 
p o i n t e v e n a t five m i l l i m e t e r s p r e s s u r e . T h e d i s t i l l a t e w h i c h b o i l e d 
o v e r a t e m p e r a t u r e r a n g e of 2 0 3 - 5 - 2 1 4 . 5 ° a t a p p r o x i m a t e l y five m i l l i m e t e r s 
w a s c o l l e c t e d for u s e . P r e s s u r e f l u c t u a t i o n s w e r e a p p a r e n t l y r e s p o n s i b l e 
for the w i d e b o i l i n g p o i n t r a n g e . 
S i l i c o n G u m S E 3 0 
G a s c h r o m a t o g r a p h y c o l u m n six w a s p r e p a r e d u s i n g t h i s m a t e r i a l 
w h i c h is m a n u f a c t u r e d b y G e n e r a l E l e c t r i c C o m p a n y , S i l i c o n P r o d u c t s D e p a r t ­
m e n t , W a t e r f o r d , N« Y . 
T a l l O i l R o s i n 
I n d u s t r i a l C h e m i c a l S a l e s D i v i s i o n of W e s t V i r g i n i a P u l p a n d P a p e r 
C o m p a n y , 2 3 0 P a r k A v e n u e , N e w Y o r k 1 7 , N . Y., s u p p l i e d s e v e r a l s a m p l e s of 
T a l l O i l R o s i n w h i c h w a s u s e d in t h i s w o r k . C o m p l e t e s p e c i f i c a t i o n s w e r e 
n o t a v a i l a b l e , b u t t h e r o s i n w a s k n o w n to c o n t a i n a m a x i m u m of 5 p e r c e n t 
f a t t y a c i d s . T h e s o l i d m a t e r i a l w a s t r a n s l u c e n t a n d h a d a l i g h t a m b e r 
c o l o r . A l t h o u g h for the m o s t p a r t the s a m p l e s w e r e h o m o g e n e o u s , in 
som e t h e r e w e r e f o u n d small s p o t s of a n o p a q u e s o f t w a x y m a t e r i a l w h i c h 
h a d a l i g h t y e l l o w c o l o r . T h e b u l k of the s a m p l e w a s a h a r d , b r i t t l e , 
a m b e r c o l o r e d m a t e r i a l . T h e s p o t s of w a x y m a t e r i a l w e r e r e m o v e d m a n u a l l y 
b e f o r e the r o s i n w a s u s e d in the h y d r o g e n a t i o n e x p e r i m e n t s a n d b e f o r e it 
w a s u s e d i n t h e p r e p a r a t i o n of a b i e t i c a c i d or d i a m y l a m m o n i u m a b i e t a t e . 
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T e t r a h y d r o f u r a n 
T h i s m a t e r i a l w a s p u r i f i e d by d i s t i l l a t i o n f r o m p o t a s s i u m m e t a l 
a c c o r d i n g to the m e t h o d of G r o v e n s t e i n a n d W i l l i a m s C 3 1 ) • 
2,2,4.-Trimethylpentane 
T e c h n i c a l g r a d e 2 , 2 , 4 - t r i m e t h y l p e n t a n e as s u p p l i e d by D i s t i l l a ­
t i o n P r o d u c t s I n d u s t r i e s , R o c h e s t e r , N . Y . , w a s d i s t i l l e d to r e m o v e h i g h -
b o i l i n g m a t e r i a l s a n d n o n - v o l a t i l e c o n t a m i n a n t s . T h e r e s u l t i n g s o l v e n t 
w a s u s e d in the p r e p a r a t i o n of p a c k i n g m a t e r i a l s for s o m e of the gas 
c h r o m a t o g r a p h y c o l u m n s . 
H y d r o g e n a t i o n T e c h n i q u e s 
H y d r o g e n a t i o n M e t h o d O n e 
M o s t of the h y d r o g e n a t i o n e x p e r i m e n t s w e r e c o n d u c t e d u s i n g t h i s 
m e t h o d . T h e m a t e r i a l to be h y d r o g e n a t e d w a s e i t h e r w e i g h e d a n d p l a c e d 
in a h y d r o g e n a t i o n b o t t l e a l o n g w i t h the d e s i r e d v o l u m e of s o l v e n t , or 
a s o l u t i o n of k n o w n c o n c e n t r a t i o n of the m a t e r i a l w a s p r e p a r e d a n d a n 
a l i q u o t p o r t i o n p l a c e d in the h y d r o g e n a t i o n b o t t l e . T h e d e s i r e d q u a n t i t y 
of A d a m s ' p l a t i n u m c a t a l y s t w a s w e i g h e d a n d q u a n t i t a t i v e l y t r a n s f e r r e d 
I 
to t h e R E A C T I O N b o t t l e . The c o n t a i n e r w a s a s s e m b l e d o n t h e s t a n d a r d P a r r 
L o w P r e s s u r e R e a c t i o n A p p a r a t u s a n d e v a c u a t e d u n t i l the s o l v e n t w a s 
c a u s e d to b o i l . H y d r o g e n w a s n e x t a d m i t t e d to t h e r e a c t i o n v e s s e l a t 
a p p r o x i m a t e l y 50 p . s . i . A g a i n the s y s t e m w a s e v a c u a t e d . T h i s w a s r e ­
p e a t e d two a d d i t i o n a l t i m e s for t h e p u r p o s e of r e m o v i n g a n y a i r in the 
( 3 L ) E . G r o v e n s t e i n , J r . a n d L . W i l l i a m s , J r . , J . A m . C h e m . S o c . , 
8 3 , /,!/, ( 1 9 6 1 ) . ' 
"'"The a u t h o r is g r a t e f u l to L a n e y P. Williams,, Jr'., "who "purified 
t h i s m a t e r i a l . 
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h y d r o g e n a t i o n b o t t l e or in its c o n t e n t s . W h e n t h i s o p e r a t i o n w a s c o m p l e t e 
h y d r o g e n w a s a d m i t t e d a t the d e s i r e d i n i t i a l p r e s s u r e ( u s u a l l y 50-0 p . s . i . 
g a u g e p r e s s u r e or a p p r o x i m a t e l y 64«5 p . s . i . a b s o l u t e p r e s s u r e ) . A f t e r 
a l l o w i n g the a p p a r a t u s a few m i n u t e s to r e a c h t h e r m a l e q u i l i b r i u m , t h e 
t e m p e r a t u r e of the h y d r o g e n t a n k , t h e g a u g e p r e s s u r e , a n d the b a r o m e t r i c 
p r e s s u r e w e r e r e c o r d e d . 
The r e a c t i o n w a s s t a r t e d by b e g i n n i n g the s h a k i n g d e v i c e of the 
a p p a r a t u s a n d s i m u l t a n e o u s l y s t a r t i n g a s t o p w a t c h . A s the r e a c t i o n p r o ­
c e e d e d , the t i m e l a p s e a n d the p r e s s u r e of t h e s y s t e m w e r e r e a d a n d r e ­
c o r d e d a t r e g u l a r i n t e r v a l s . T h e r a t e of p r e s s u r e d e c r e a s e of the s y s t e m 
d e t e r m i n e d the l e n g t h of the t i m e i n t e r v a l s w h i c h w e r e u s e d in e a c h 
r e a c t i o n . T h e s e v a r i e d from. 15 s e c o n d s in the c a s e of the tall oil fatty 
a c i d f r a c t i o n s to 120 s e c o n d s in the c a s e of t h e b e n z o i c a c i d s t a n d a r d i ­
z a t i o n r e a c t i o n s . 
W h e n it w a s d e s i r e d to d i s c o n t i n u e the r e a c t i o n , w h e t h e r t h i s 
w a s a t total or o n l y p a r t i a l h y d r o g e n a t i o n of t h e s u b s t r a t e , the s h a k ­
ing d e v i c e w a s s t o p p e d , the h y d r o g e n tank w a s c l o s e d off f r o m t h e r e a c ­
t i o n c o n t a i n e r , a n d t h e h y d r o g e n r e m a i n i n g i n the b o t t l e w a s r e m o v e d by 
e v a c u a t i o n of t h e s y s t e m . A i r w a s t h e n r e a d m i t t e d , a n d the r e a c t i o n 
v e s s e l r e m o v e d . T h e c a t a l y s t w a s s e p a r a t e d f r o m t h e s o l u t i o n by f i l t r a ­
t i o n t h r o u g h a s i n t e r e d g l a s s f i l t e r . 
H y d r o g e n a t i o n M e t h o d T w o 
W h e n it w a s d e s i r e d to c o n d u c t the h y d r o g e n a t i o n at c o n s t a n t 
t e m p e r a t u r e , t h e m e t h o d g i v e n a b o v e w a s a l t e r e d s l i g h t l y . A c o p p e r j a c k e t 
w a s a d d e d w h i c h s u r r o u n d e d the r e a c t i o n v e s s e l . A f t e r the r e a c t i o n c o m ­
p o n e n t s h a d b e e n p l a c e d in the b o t t l e , w a t e r of a p r e d e t e r m i n e d c o n s t a n t 
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t e m p e r a t u r e w a s c i r c u l a t e d t h r o u g h the j a c k e t . W h e n t h e t e m p e r a t u r e of 
the c o n t e n t s of t h e v e s s e l h a d r e a c h e d t h e same t e m p e r a t u r e a s t h e c i r c u ­
l a t i n g w a t e r , t h e a p p a r a t u s w a s a s s e m b l e d a n d h y d r o g e n a t i o n m e t h o d o n e 
w a s f o l l o w e d . 
T h i s t e c h n i q u e w a s u s e d m a i n l y in t h e d e t e r m i n a t i o n of t h e r a t e 
c o n s t a n t v a l u e s n e c e s s a r y f o r e v a l u a t i n g the e n e r g y of a c t i v a t i o n for 
a b i e t i c a c i d . T h e e x p e r i m e n t s w h i c h w e r e c o n d u c t e d u s i n g this t e c h n i q u e 
w e r e r u n s 1 , 2 , 1 0 , 1 3 , 14, 19, 2 0 , 26, a n d 28-47 in w h i c h d i a m y l a m m o n i u m 
a b i e t a t e w a s hydrogenated."*" 
Hydrogenation Method Three 
W h e n it w a s i n c o n v e n i e n t to u s e a c o n s t a n t t e m p e r a t u r e b a t h to 
m a i n t a i n t h e r e a c t i o n b o t t l e a t a g i v e n t e m p e r a t u r e , b u t i t w a s d e s i r e d 
to m i n i m i z e t h e r m a l e f f e c t s d u e to d i f f e r e n c e s in t e m p e r a t u r e of the 
r e a c t i o n a n d its s u r r o u n d i n g s , the r o o m t e m p e r a t u r e w a s d e l i b e r a t e l y a d ­
j u s t e d . D u r i n g t h e c o l d e r p a r t s of t h e y e a r , t h i s t e c h n i q u e c o u l d b e 
u s e d o v e r a w i d e t e m p e r a t u r e r a n g e . By t u r n i n g off the h e a t , o p e n i n g t h e 
w i n d o w s of the r o o m , a n d a l l o w i n g t h e r o o m to r e m a i n t h i s w a y o v e r n i g h t , 
it w a s p o s s i b l e to b r i n g the t e m p e r a t u r e d o w n as l o w as 1 6 ^ 0 ° . O n t h e 
o t h e r h a n d , by keeping' the r o o m t i g h t l y c l o s e d , a n d h e a t i n g i t w i t h g a s 
f l a m e s as w e l l as t h e s t e a m r a d i a t o r operating- a t m a x i m u m c a p a c i t y , i t 
w a s p o s s i b l e to b r i n g t h e t e m p e r a t u r e u p as h i g h as 3 3 » 9 ° « T h i s s l i g h t 
a l t e r a t i o n f r o m m e t h o d one w a s u s e d in all of the r u n s in t h e h y d r o g e n a t i o n 
of m e t h y l o l e a t e . 
^"See a b o v e , p a g e 3 8 . 
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I s o m e r i z a t i o n E x p e r i m e n t s in the H y d r o g e n a t i o n of A b i e t i c A c i d 
P a r t i a l H y d r o g e n a t i o n . of A b i e t i c A c i d 
Two h u n d r e d t h s of a m o l e of d i a m y l a m m o n i u m a b i e t a t e w a s h y d r o - ' 
g e n a t e d for t w o m i n u t e s w i t h 0.4-0 g. A d a m s ' c a t a l y s t in 100 m l . g l a c i a l 
a c e t i c a c i d a n d t h e n d i s c o n t i n u e d . T h e h y d r o g e n a t i o n s o l u t i o n w a s f r e e d 
f r o m t h e c a t a l y s t by f i l t r a t i o n . T h e p r o d u c t was i s o l a t e d by d i l u t i n g 
the h y d r o g e n a t i o n s o l u t i o n w i t h d i s t i l l e d w a t e r u n t i l p r e c i p i t a t i o n w a s 
c o m p l e t e , d e c a n t i n g t h e s o l u t i o n f r o m t h e s o l i d , w a s h i n g t h e s o l i d , a n d 
t h e n r e c r y s t a l l i z i n g it f r o m 8 0 p e r c e n t a q u e o u s a c e t o n e . U p o n c o o l i n g , 
crystals formed w h i c h were removed f r o m the solvent by filtration. After 
d r y i n g o v e r n i g h t i n a v a c u u m d e s i c c a t o r o v e r s o d i u m s u l f a t e , t h e s e c r y s ­
t a l s m e l t e d a t 137-14-6°. T h e s o l i d s h o w e d a n a b s o r p t i o n m a x i m u m at 24-1 
rmi in t h e u l t r a v i o l e t s p e c t r u m a n d a n e x t i n c t i o n c o e f f i c i e n t of 6 , 2 1 0 . 
A s s u m i n g t h a t the h y d r o g e n a t e d c o n s t i t u e n t s d o n o t a b s o r b a t thi s w a v e 
l e n g t h , t h i s r e p r e s e n t s 2 5 « 6 p e r c e n t a b i e t i c a c i d p r e s e n t . 
N o n - P o i s o n i n g of the C a t a l y s t S u r f a c e i n t h e H y d r o g e n a t i o n of A b i e t i c 
A c i d 
T w o h u n d r e d t h s of a m o l e of d i a m y l a m m o n i u m a b i e t a t e w a s h y d r o ­
g e n a t e d w i t h 0.4-0 go A d a m s ' c a t a l y s t in 100 m l . g l a c i a l a c e t i c a c i d 
for 2 . 2 5 m i n u t e s . T h i s p r o d u c e d a n a b s o r p t i o n of 0 . 0 2 2 2 m o l e s of hyejro-
g e n . T h e h y d r o g e n a t i o n w a s d i s c o n t i n u e d , the c a t a l y s t r e m o v e d a n d r e ­
p l a c e d w i t h f r e s h c a t a l y s t , and the h y d r o g e n a t i o n r e s u m e d a t t h e l a s t r 
r e c o r d e d p r e s s u r e . T h e d a t a w a s p l o t t e d a n d the g r a p h o b t a i n e d i n d i ­
c a t e d n o c h a n g e in t h e h y d r o g e n a t i o n p r o c e s s f r o m t h a t f o u n d w h e n d i a m y l -
a m m o n i u m a b i e t a t e w a s h y d r o g e n a t e d to c o m p l e t i o n w i t h o u t d i s c o n t i n u i n g 
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the r e a c t i o n . T h e r e f o r e , c a t a l y s t p o i s o n i n g is p r o b a b l y n o t r e s p o n s i b l e 
for the t h r e e p h a s e s of the h y d r o g e n a t i o n f o u n d for d i a m y l a m m o n i u m 
a b i e t a t e 
D e c r e a s e 
C a t a l y s t 
as d e s c r i b e d on p a g e 43 • 
in R a t e C o n s t a n t Due to P r e - a d s o r p t i o n of S u b s t r a t e on t h e 
S u r f a c e 
F o u r - t e n t h s g r a m of A d a m s ' c a t a l y s t w a s p l a c e d in a h y d r o g e n a t i o n 
b o t t l e w i t h 50 m l . g l a c i a l a c e t i c a c i d . T h e c a t a l y s t w a s r e d u c e d to 
p l a t i n u m by s h a k i n g the m i x t u r e w i t h h y d r o g e n on the r e a c t i o n a p p a r a t u s . 
T h e b o t t l e w a s e v a c u a t e d , air w a s r e a d m i t t e d , a n d a s o l u t i o n of 5 0 m l . 
g l a c i a l a c e t i c a c i d c o n t a i n i n g 9 . 1 4 g» d i a m y l a m m o n i u m a b i e t a t e w a s a d d e d . 
T h e b o t t l e w a s e v a c u a t e d a n d f i l l e d w i t h h y d r o g e n a n d t h e n r e - e v a c u a t e d . 
( T h i s p r o c e s s w a s r e p e a t e d two t imes.) The s h a k e r t h e n w a s b e g u n , a n d 
the m i x t u r e w a s a l l o w e d to s h a k e in the a b s e n c e of h y d r o g e n f o r 1 5 
m i n u t e s . H y d r o g e n gas w a s a d m i t t e d , a n d t h e h y d r o g e n a t i o n r e a c t i o n c o m ­
m e n c e d . T h e d a t a o b t a i n e d f r o m t w o r u n s e x a c t l y like t h i s y i e l d e d i n i t i a 
r a t e c o n s t a n t s of 8 ^ . 1 a n d 8 7 . 3 x 1 0"^'min." 1/g. a t 3 1 . 8 ° C a n d 3 1 . 1 ° C 
r e s p e c t i v e l y . 
N o n - I s o m e r i z a t i o n of the S u b s t r a t e o n the U n r e d u c e d C a t a l y s t S u r f a c e or 
by the S o l v e n t 
A q u a n t i t y of 0 . 0 2 m o l e s of d i a m y l a m m o n i u m a b i e t a t e , 0 . 4 - 0 g. A d a m s 
c a t a l y s t , a n d 1 0 0 m l . g l a c i a l a c e t i c a c i d w a s p l a c e d in a h y d r o g e n a t i o n 
b o t t l e w h i c h t h e n w a s e v a c u a t e d a n d s h a k e n for 1 5 m i n u t e s . A f t e r t h i s , 
the b o t t l e w a s f i l l e d w i t h h y d r o g e n a n d h y d r o g e n a t i o n w a s b e g u n . T h e 
i n i t i a l r a t e c o n s t a n t w a s f o u n d to b e 4-14- x 1 0 ^ m i n . Vg» a n d the final 
r a t e c o n s t a n t w a s f o u n d to be 1 0 . 8 x 1 0 ^min."^'/g. a t 3 L » 7 ° C T h i s is 
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in a g r e e m e n t w i t h the u s u a l r e s u l t s o b t a i n e d f r o m s t a n d a r d e x p e r i m e n t s 
r e p o r t e d in t h i s w o r k , 
N o n - I s o m e r i z a t i o n of the S u b s t r a t e on the R e d u c e d C a t a l y s t S u r f a c e 
F i f t y m i l l i l i t e r s of g l a c i a l a c e t i c a c i d w a s s h a k e n w i t h 0 . 0 4 g. 
A d a m s ' c a t a l y s t in the p r e s e n c e of h y d r o g e n for 15 m i n u t e s . T h e n 50 m l . 
g l a c i a l a c e t i c a c i d c o n t a i n i n g 0.02 m o l e s d i a m y l a m m o n i u m a b i e t a t e w a s 
a d d e d to t h e b o t t l e . The b o t t l e w a s e v a c u a t e d , f i l l e d w i t h h y d r o g e n , a n d 
r e - e v a c u a t e d t h r e e t i m e s . The s h a k e r w a s s t a r t e d a n d c o n t i n u e d for 15 
m i n u t e s . T h e a p p a r a t u s t h e n w a s d i s a s s e m b l e d , the c a t a l y s t w a s r e m o v e d 
f r o m t h e s o l u t i o n by f i l t r a t i o n , a n d the s o l u t i o n w a s r e p l a c e d in the hy­
d r o g e n a t i o n b o t t l e . F o u r - t e n t h s g r a m of f r e s h A d a m s ' c a t a l y s t w a s a d d e d 
to the b o t t l e , a n d h y d r o g e n a t i o n c a r r i e d o u t u s i n g m e t h o d o n e . The i n i ­
tial, rate c o n s t a n t o b t a i n e d w a s 5 1 6 x 10 ^ m i n . Vg., w h i l e the final r a t e 
w a s 12 x 10 ^ m i n . Vg. a t 31 » 4 G C . T h i s shows t h a t the two r a t e c o n s t a n t s 
d i s c u s s e d o n p a g e 4 3 are n o t p r o d u c e d by i s o m e r i z a t i o n of the a b i e t i c 
a c i d o n the c a t a l y s t s u r f a c e . 
O t h e r e v i d e n c e s i m i l a r to this w a s o b t a i n e d as f o l l o w s : two g r a m s 
of a b i e t i c a c i d w a s d i s s o l v e d in 2 5 m l . of d r y c h l o r o f o r m . T w e n t y m i l l i ­
l i t e r s o f t h i s s o l u t i o n w a s s h a k e n w i t h 0.6 g. r e d u c e d P t 0 2 i n a 50 m l . 
v o l u m e t r i c f l a s k o v e r n i g h t . I n f r a r e d s p e c t r a w e r e m a d e of the o r i g i n a l 
s o l u t i o n a n d of t h a t w h i c h h a d b e e n t r e a t e d w i t h p l a t i n u m . They w e r e 
f o u n d to be i d e n t i c a l . 
E f f e c t of H e a t o n the H a l f - H y d r o g e n a t e d A b i e t i c A c i d 
E i g h t e e n g r a m s of h a I f - h y d r o g e n a t e d a b i e t i c a c i d w a s d i s s o l v e d in 
one l i t e r of d i e t h y l e t h e r a n d w a s h e d w i t h two p o r t i o n s of t w o l i t e r s of 
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d i s t i l l e d w a t e r . T h e e t h e r e a l s o l u t i o n w a s d r i e d w i t h a n h y d r o u s s o d i u m 
s u l f a t e . F o l l o w i n g f i l t r a t i o n to r e m o v e t h e d r y i n g a g e n t , t h e e t h e r w a s 
e v a p o r a t e d on t h e s t e a m b a t h u n d e r w a t e r a s p i r a t o r p r e s s u r e f r o m a two 
l i t e r b o i l i n g flask e q u i p p e d w i t h C l a i s e n h e a d , w a t e r c o o l e d c o n d e n s e r , 
r e c e i v e r , a n d v a c u u m a d a p t e r . T o the gummy r e s i d u e 1 5 0 m l . of a c e t o n e 
w a s a d d e d , a n d t h e w h o l e b r o u g h t to b o i l u n d e r a r e f l u x c o n d e n s e r , t h e n 
c o o l e d , a n d f i l t e r e d into a 2 5 0 m l . r o u n d b o t t o m e d f l a s k . M u c h of the 
s o l v e n t w a s e v a p o r a t e d o n t h e s t e a m b a t h w i t h a i d of the w a t e r a s p i r a t o r , 
a n d w h e n t h e v o l u m e w a s a b o u t 3 0 m l . , t h e s o l u t i o n w a s s e e d e d w i t h a few 
c r y s t a l s of f u l l y - h y d r o g e n a t e d a b i e t i c a c i d a n d d i l u t e d w i t h 2 5 m l . a c e ­
t o n e to c a u s e t h e c r y s t a l l i z a t i o n of t h e d i s s o l v e d r e s i n a c i d . U p o n f i l ­
t e r i n g , t h e m i x t u r e l e f t a r e s i d u e w h i c h w a s d r i e d in t h e v a c u u m d e s i c c a ­
tor o v e r n i g h t o v e r s o d i u m s u l f a t e . T h e p r o d u c t t h e n w e i g h e d 7 . 1 g. a n d 
m e l t e d f r o m 1 2 5 - 1 3 0 ° . A one p e r c e n t s o l u t i o n of the s o l i d in a b s o l u t e 
e t h a n o l g a v e a s p e c i f i c r o t a t i o n a t 2 1 ° u s i n g the s o d i u m D line of + 1 0 . 2 ° . 
A s a m p l e of 0 . 4 9 7 1 g . of t h e a b o v e m a t e r i a l w a s v a c u u m s u b l i m e d 
in a c o n v e n t i o n a l a p p a r a t u s . A t a p r e s s u r e of 1 5 m i c r o n s a n d a t e m p e r ­
a t u r e of 1 3 6 . 0 ° , t h e m a t e r i a l b e g a n to s u b l i m e a n d 2 3 m i n u t e s l a t e r a n d 
a m a t e r i a l ( 0 . 3 0 4 4 g«) m e l t i n g a t 7 2 - 8 5 ° w a s r e c o v e r e d f r o m t h e c o n d e n s e r , 
t h e i n f r a r e d s p e c t r u m of t h i s m a t e r i a l w a s n o t s i g n i f i c a n t l y d i f f e r e n t 
f r o m t h a t of t h e s t a r t i n g m a t e r i a l . A n o t h e r q u a n t i t y of 0 . 1 6 8 g. w h i c h 
d i d n o t s u b l i m e w a s r e c o v e r e d , a n d i t h a d a m e l t i n g p o i n t of 7 8 - 8 4 ° . 
A q u a n t i t y of the h a l f - h y d r o g e n a t e d a b i e t i c a c i d h a v i n g a m e l t i n g 
p o i n t of 1 2 5 - 1 3 0 ° w a s p l a c e d in a m e l t i n g p o i n t t u b e a n d h e a t e d in a m e l t ­
ing p o i n t b a t h for t w o a n d one h a l f h o u r s a t 1 0 0 ° . T h e m e l t i n g p o i n t w a s 
s u b s e q u e n t l y d e t e r m i n e d to be 1 2 0 - 1 3 0 ° . 
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A n o t h e r a m o u n t of the h a l f - h y d r o g e n a t e d r e s i n a c i d ( 0 . 4 0 0 g.) w a s 
d i s s o l v e d in. 1 0 ml,, d i s t i l l e d t o l u e n e a n d h e a t e d a t r e f l u x for one a n d 
one h a l f h o u r s . T w e n t y m i l l i l i t e r s of a b s o l u t e m e t h a n o l w a s a d d e d a n d 
the s o l v e n t s a z e o t r o p i c a l l y d i s t i l l e d a t 6 4 ° . T h i r t y m i l l i l i t e r s of w a t e 
w a s a d d e d to p r e c i p i t a t e t h e s o l i d . A f t e r the w a t e r w a s d e c a n t e d a n d the 
s o l i d w a s h e d w i t h a n a d d i t i o n a l 3 0 m l . p o r t i o n of w a t e r , the s o l i d w a s 
d i s s o l v e d in a c e t o n e a n d f i l t e r e d . T h e f i l t r a t e w a s e v a p o r a t e d to a 
t o t a l v o l u m e of s e v e n m i l l i l i t e r s . F i v e - t e n t h s m i l l i l i t e r s of w a t e r w a s 
a d d e d a n d t h e flask a l l o w e d to s t a n d for 12 days . T h e c r y s t a l s w e r e r e ­
m o v e d by f i l t r a t i o n and w h e n d r i e d w e r e f o u n d to h a v e a m e l t i n g p o i n t of 
1 5 7 - 1 6 4 ° . 
A c t i v i t y R e l a t i o n s h i p s of C a t a l y s t L o t s 
S t a n d a r d i z a t i o n of C a t a l y s t L o t A 
In o r d e r to p e r m i t the c o m p a r i s o n of t h i s w o r k w i t h t h a t of o t h e r s 
c a t a l y s t l o t A w a s s t a n d a r d i z e d by the h y d r o g e n a t i o n of b e n z o i c a c i d in 
g l a c i a l a c e t i c a c i d . A s a m p l e of 2 . 4 4 g» or 0..02 m o l e s of b e n z o i c a c i d 
w a s i n t r o d u c e d into 50 m l . of a c e t i c a c i d a n d h y d r o g e n a t e d a c c o r d i n g to 
m e t h o d one u s i n g 0.10 g. of the c a t a l y s t . T h e r a t e c o n s t a n t for the r e a c 
t i o n , w h i c h w a s f i r s t o r d e r w i t h r e s p e c t to h y d r o g e n , w a s f o u n d to b e 2 8 5 
x 10 ^ m i n . ^ p e r g . of c a t a l y s t a t a t e m p e r a t u r e of 3 1 . 0 ° . T h e c y c l o -
h e x a n e c a r b o x y l i c a c i d w h i c h w a s p r o d u c e d w a s n o t i s o l a t e d . 
C o m p a r i s o n of C a t a l y s t L o t s 
T h e t h r e e l o t s of c a t a l y s t s w e r e s t a n d a r d i z e d w i t h r e s p e c t to 
e a c h o t h e r by c o m p a r i n g the r e s u l t s of s e v e r a l h y d r o g e n a t i o n r u n s m a d e 
u s i n g the v a r i o u s l o t s of c a t a l y s t in t h e h y d r o g e n a t i o n of A c i n t o l FA 2 . 
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T h e same t e c h n i q u e w a s u s e d in t h e h y d r o g e n a t i o n of d i a m y l a m m o n i u m a b i e ­
t a t e . T h i s p e r m i t t e d t h e r a t e c o n s t a n t s o b t a i n e d f or a g i v e n s u b s t r a t e 
u s i n g d i f f e r e n t lots of c a t a l y s t to be c o r r e c t e d to t h e a c t i v i t y of only 
one c a t a l y s t l o t . 
C a t a l y s t L o t s A a n d C in the h y d r o g e n a t i o n of A c i n t o l FA 2 . — I n t h e h y d r o ­
g e n a t i o n of A c i n t o l FA 2 o n l y c a t a l y s t lots A a n d C w e r e u s e d . T h e . 
a v e r a g e r a t e c o n s t a n t v a l u e a t 25° of fiv e h y d r o g e n a t i o n r u n s u s i n g l o t 
C w a s f o u n d to b e 0.2055 m i n . Vg« L o t A w a s c o n s i d e r a b l y m o r e a c t i v e in 
the h y d r o g e n a t i o n of A c i n t o l FA 2 a n d y i e l d e d a n a v e r a g e v a l u e of 0.2743 
m i n . Vg» for four r u n s a t 25° u s i n g t h e sa m e a m o u n t of a c c e p t o r (6.00 g. 
in 100 m l . g l a c i a l a c e t i c a c i d s o l u t i o n ) . C o r r e c t i o n s w e r e m a d e on t h e 
b a s i s of t he f o l l o w i n g r e l a t i o n s h i p : 
C a t a l y s t L o t s A , B«. a n d C in t h e h y d r o g e n a t i o n of d i a m y l a m m o n i u m a b i e t a t e • -
H y d r o g e n a t i o n r u n s w e r e c o n d u c t e d for d i a m y l a m m o n i u m a b i e t a t e u s i n g all 
t h r e e lots of c a t a l y s t . T h e a c t i v i t y of lots A a n d B w e r e f o u n d to b e v e r y 
n e a r l y e q u a l ; t h e f o r m e r w a s only s l i g h t l y g r e a t e r . T h e h y d r o g e n a t i o n s 
w e r e c o n d u c t e d a t 27.5° u s i n g 9 . . 1 4 g« d i a m y l a m m o n i u m a b i e t a t e a n d 0 . 4 0 g. 
of the c a t a l y s t in 1 0 0 m l . g l a c i a l a c e t i c a c i d s o l u t i o n . H y d r o g e n a t i o n 
m e t h o d one y i e l d e d a n a v e r a g e r a t e c o n s t a n t v a l u e for l o t B of 0 . 0 3 1 3 m i n . 
/ g . for four r u n s , w h i l e a v a l u e of 0 . 0 3 3 6 m i n . "Vg. w a s f o u n d to b e the 
a v e r a g e r a t e c o n s t a n t of l o t A for five h y d r o g e n a t i o n e x p e r i m e n t s . 
R a t e C o n s t a n t for C a t a l y s t L o t A 
R a t e C o n s t a n t f or C a t a l y s t L o t C 
- 0-2743 _ 
~ 0.2055 = 1.335 
R a t e C o n s t a n t for C a t a l y s t L o t A _ 0.0336 
R a t e C o n s t a n t for C a t a l y s t L o t B ~ 0.0313 = 1.07 
C a t a l y s t l o t s C a n d B w e r e c o m p a r e d a t 25°C, o t h e r w i s e u s i n g t h e 
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s a m e c o n d i t i o n s as a b o v e . T h e a v e r a g e r a t e c o n s t a n t v a l u e of 0 . 0 1 9 0 
m i n . /^g. for e i g h t r u n s u s i n g l ot C is c o m p a r e d to t h e v a l u e of 0 . 0 3 3 2 m i n . 
/ g . o b t a i n e d as a v e r a g e for 1 6 r u n s u s i n g c a t a l y s t lot B . 
R a t e C o n s t a n t f o r C a t a l y s t L o t B _ 0 . 0 3 3 2 _ , „c 
R a t e C o n s t a n t for C a t a l y s t L o t C 0 . 0 1 9 0 
T r e a t m e n t of D a t a 
C a l c u l a t i o n of the R e a c t i o n R a t e C o n s t a n t 
It is f r e q u e n t l y f o u n d t h a t c a t a l y t i c h y d r o g e n a t i o n r e a c t i o n s a r e 
f i r s t o r d e r w i t h r e s p e c t to h y d r o g e n ( 3 2 ) . T h u s , if a h y d r o g e n a t i o n 
r e a c t i o n a p p a r a t u s w h i c h h a s c o n s t a n t v o l u m e is u s e d , a n d if t h e a p p a r a ­
tus is e q u i p p e d w i t h a s u i t a b l e p r e s s u r e gauge,, t h e p r o g r e s s i o n of t he 
r e a c t i o n w i t h t i m e m a y be f o l l o w e d by o b s e r v i n g the d e c r e a s e i n h y d r o g e n 
p r e s s u r e . T h i s is t he t y p e of a p p a r a t u s w h i c h h a s b e e n u s e d in the p r e s ­
e n t study,' a n d all of the r a t e c o n s t a n t s p r e s e n t e d h e r e i n h a v e b e e n 
d e t e r m i n e d by f o l l o w i n g the p r e s s u r e of t h e s y s t e m w i t h t i m e . 
C h e m i c a l r e a c t i o n s w h i c h a r e f i r s t o r d e r w i t h r e s p e c t to a p a r ­
t i c u l a r 1 r e a c t a n t m a y be d e s c r i b e d by the f o l l o w i n g e q u a t i o n : 
d c _ . 
d t " K c ' 
w h e r e c r e p r e s e n t s the c o n c e n t r a t i o n of t h e r e a c t a n t , t r e p r e s e n t s 
t i m e , a n d k is the r e a c t i o n r a t e c o n s t a n t . I n a c a t a l y t i c h y d r o g e n a t i o n 
r e a c t i o n f i r s t o r d e r w i t h r e s p e c t to h y d r o g e n , t h e c o n c e n t r a t i o n of 
h y d r o g e n w o u l d b e p r o p o r t i o n a l to the p r e s s u r e of the h y d r o g e n , a s s u m i n g 
( 3 2 ) K. L a i d l e r i n C a t a l y s i s . V o l . I, e d i t e d by P. E m m e t t , 
R e i n h o l d P u b l i s h i n g C o r p o r a t i o n , 1 9 5 4 - , pp« 1 2 1 - 1 2 2 . 
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the r e a c t i o n w a s c o n d u c t e d in a c o n s t a n t v o l u m e s y s t e m . T h e a b o v e e q u a ­
t i o n c o u l d t h e n be r e w r i t t e n ' a s f o l l o w s : 
- = k P d t K P > 
w h e r e P r e p r e s e n t s the p r e s s u r e of h y d r o g e n in the r e a c t i o n s y s t e m . 
I n t e g r a t i o n of t h i s e q u a t i o n b e t w e e n the l i m i t s of t = z e r o a n d t - t 
y i e l d s the f o l l o w i n g e x p r e s s i o n : 
P G _ k t 
1 0 9
 P~~ " 2 3 0 3 ' 
w h e r e P 0 is the i n i t i a l p r e s s u r e of h y d r o g e n in the s y s t e m a n d P^ is the 
p r e s s u r e of h y d r o g e n a t t i m e t. T h i s is t h e e q u a t i o n w h i c h h a s b e e n u s e d 
in t h e p r e s e n t s t u d y to o b t a i n v a l u e s for k w h i c h a r e r e p r e s e n t a t i o n s of 
the r a t e c o n s t a n t s for t h e v a r i o u s r e a c t i o n c o n d i t i o n s i n v e s t i g a t e d . 
The d a t a o b t a i n e d in t h e h y d r o g e n a t i o n e x p e r i m e n t s as described''" 
w e r e u s e d to e v a l u a t e the r a t e c o n s t a n t of the p a r t i c u l a r r u n . To a c c o m ­
p l i s h t h i s , the v a l u e s of t i m e in m i n u t e s w e r e p l o t t e d as a b s i s s a s , w h i l e 
t h o s e of log PQ/P^ w e r e p l o t t e d as o r d i n a t e s . T h e p r o d u c t of 2.203 a n d 
the s l o p e of t h e s t r a i g h t l i n e w h i c h r e s u l t e d w a s d i v i d e d by t h e w e i g h t 
in g r a m s ! o f the c a t a l y s t u s e d to y i e l d the v a l u e of the r a t e c o n s t a n t 
in u n i t s [ o f m i n . ^ p e r g. A t y p i c a l p l o t is s h o w n i n F i g u r e 8 , p a g e 8 9 . 
E v a l u a t i o n of the A p p a r e n t A c t i v a t i o n E n e r g i e s 
T h e r a t e c o n s t a n t s d e r i v e d a c c o r d i n g to t h e a b o v e p r o c e d u r e a t 
d i f f e r e n t t e m p e r a t u r e s for a g i v e n h y d r o g e n a c c e p t o r w e r e u s e d to 
S e e a b o v e , p a g e 7 8 . 
F i g u r e 8 . T y p i c a l P l o t of L o g P / P A g a i n s t Time i n the H y d r o g e n a t i o n 
o f A c i n t o l F A 2 . 0 
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e v a l u a t e the a p p a r e n t a c t i v a t i o n e n e r g y of the h y d r o g e n a t i o n of the p a r ­
t i c u l a r s u b s t r a t e . T h i s w a s a c c o m p l i s h e d t h r o u g h the u s e of the A r r h e n i u s 
law w h i c h is g i v e n by the f o l l o w i n g e q u a t i o n : 
d ( l n k) _ ^ a . 
d T ~ R T 2 
U p o n i n t e g r a t i o n a n d c o n v e r s i o n to c o m m o n l o g a r i t h m s t h i s y i e l d s 
E 
1 0 9 k =
 • 2,303 R T + C ' 
w h e r e k is the r e a c t i o n r a t e c o n s t a n t , c is the i n t e g r a t i o n c o n s t a n t , R 
is the g a s c o n s t a n t , T is the a b s o l u t e t e m p e r a t u r e a t w h i c h the r a t e 
c o n s t a n t is d e t e r m i n e d , a n d E is t h e a p p a r e n t a c t i v a t i o n e n e r g y . 
a 
T h i s t e r m is c a l l e d the a p p a r e n t a c t i v a t i o n e n e r g y b e c a u s e i t is 
in r e a l i t y n o t the a c t i v a t i o n e n e r g y of the r e a c t i o n b u t t h e s u m m a t i o n 
of s e v e r a l f a c t o r s : the h e a t i n v o l v e d in the a d s o r p t i o n of the a c c e p ­
tor a n d in t h e a d s o r p t i o n of h y d r o g e n , a n d t h e a c t i v a t i o n e n e r g y of t h e 
c o m b i n a t i o n of the a c c e p t o r a n d t h e h y d r o g e n w o u l d all a p p e a r in E (33)» 
3 
In o r d e r to u s e t h e A r r h e n i u s l a w to d e t e r m i n e the a p p a r e n t a c t i ­
v a t i o n e n e r g i e s in t h i s w o r k , v a l u e s of log k / g . w e r e p l o t t e d as o r d i -
n a t e s a g a i n s t the r e c i p r o c a l s of the a b s o l u t e t e m p e r a t u r e as a b s i s s a s . 
T h e s l o p e of the r e s u l t i n g s t r a i g h t l i n e w a s e q u a l to - E /2.303R. 
a 
T h e u s e f u l n e s s of t h e v a l u e s o b t a i n e d u s i n g t h i s m e t h o d is n o t 
in the e x a c t n e s s of w h a t is b e i n g m e a s u r e d , b u t r a t h e r it is in the 
a p p l i c a t i o n of t h i s v a l u e in c o r r e c t i n g to a n o t h e r t e m p e r a t u r e a r e a c ­
t i o n r a t e c o n s t a n t a t some m e a s u r e d t e m p e r a t u r e . T h e s e c o r r e c t i o n s w e r e 
(33) I b i d . , p p . 135-137. 
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m a d e so t h a t the r e a c t i o n r a t e c o n s t a n t s o b t a i n e d u n d e r v a r y i n g t e m p e r a ­
t u r e s m i g h t be c o m p a r e d a t a s t a n d a r d t e m p e r a t u r e . A n e q u a t i o n w h i c h is 
a v a r i a t i o n o f t h e a b o v e e x p r e s s i o n w a s u s e d for p u r p o s e s of m a k i n g t h e 
c o r r e c t i o n s . 
i k J . = E a / 1 I N 
1 0 9
 k 2 " 2 . 3 0 3 R v T, " T 2 ; 
C o r r e c t i o n of R a t e C o n s t a n t V a l u e s for D i f f e r e n c e s in H y d r o g e n a t i o n 
S y s t e m V o l u m e 
S i n c e m o s t of the h y d r o g e n a t i o n s w e r e c o n d u c t e d in the l a r g e r 
h y d r o g e n a t i o n b o t t l e s , b u t some w e r e c a r r i e d o u t u s i n g s m a l l e r b o t t l e s , 
it w a s n e c e s s a r y to c o r r e c t the r a t e c o n s t a n t v a l u e s for t h e l a t t e r to 
t h e v a l u e s w h i c h w o u l d h a v e b e e n o b t a i n e d if the l a r g e r c o n t a i n e r s h a d 
b e e n u t i l i z e d in t h e s e e x p e r i m e n t s . T h e total v o l u m e of t h e h y d r o g e n a ­
t i o n a p p a r a t u s u s i n g the s m a l l e r b o t t l e s w a s 4 - - 4 3 0 1 . , w h i l e t h e t o t a l 
v o l u m e of t h e s y s t e m w i t h t h e l a r g e r b o t t l e s w a s 4 * 4 8 4 1 » A l l r a t e 
c o n s t a n t v a l u e s r e p o r t e d h e r e i n a r e c o r r e c t e d to t h e l a r g e r v o l u m e 
s y s t e m by the f o l l o w i n g r e l a t i o n s h i p : 
k = k x 
4 . 4 8 4 . 1 . s y s t e m 4 * 4 3 0 1 . s y s t e m 4 - 4 8 4 
In o r d e r t o c o m p a r e the r e s u l t s of t h i s w o r k to t h a t of o t h e r 
w o r k e r s , t h e r a t e c o n s t a n t s s h o u l d b e m u l t i p l i e d by the v o l u m e of t h e 
h y d r o g e n a t i o n s y s t e m , 4 * 4 8 4 1 » ( 3 4 ) • 
( 3 4 ) H . S m i t h , W . B e d o i t , J r . , a n d J . F u z e k , J . A m . C h e m . S o c . , 
7 1 , 3 7 6 9 ( 1 9 4 9 ) . 
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C a l c u l a t i o n of the R e a c t i o n M i x t u r e T e m p e r a t u r e a t C o m p l e t i o n of t h e 
R e a c t i o n 
In s o m e r u n s , the t e m p e r a t u r e c h a n g e d u r i n g the r e a c t i o n w a s so 
g r e a t , it w a s d e s i r a b l e to c a l c u l a t e the r e a c t i o n m i x t u r e t e m p e r a t u r e 
a t c o m p l e t i o n of the r e a c t i o n , so t h a t the m e a n t e m p e r a t u r e m i g h t be 
f o u n d . T h e m e a n t e m p e r a t u r e w a s t h e n u s e d in the d e t e r m i n a t i o n of t h e 
a p p a r e n t a c t i v a t i o n e n e r g y for t h e r e a c t i o n , by a s s u m i n g t h a t to be the 
t e m p e r a t u r e a t w h i c h the r e a c t i o n w a s c o n d u c t e d . In o r d e r to c a l c u l a t e 
the r e a c t i o n m i x t u r e t e m p e r a t u r e , u s e w a s m a d e of N e w t o n ' s law of c o o l ­
ing ( 3 5 ) . A c c o r d i n g to t h i s law, the r a t e of c o o l i n g of a body h a v i n g 
a t e m p e r a t u r e h i g h e r t h a n t h a t of its s u r r o u n d i n g s is r e p r e s e n t e d by 
the f o l l o w i n g e q u a t i o n : 
41 :Z „
 k ( T 0 " T ) , 
d t 0 r m ' 
w h e r e T 0 is the t e m p e r a t u r e of t h e b o d y , T is t h e t e m p e r a t u r e of the 
s u r r o u n d i n g s or r o o m as in t h i s c a s e , k is a c o n s t a n t d e p e n d e n t u p o n 
the s p e c i f i c h e a t of the b o d y , a n d t is the t i m e . I n t e g r a t i o n of the 
e q u a t i o n a n d c o n v e r s i o n to b a s e 1 0 l o g a r i t h m s g i v e s the f o l l o w i n g 
r e l a t i o n s h i p : 
T - T 
1 t r m _ b t 
9
 T 0 - T " " 2 . 3 0 3 ' 
0
 r m 
w h e r e T 0 is t h e i n i t i a l t e m p e r a t u r e of t h e b o d y , a n d is its t e m p e r a ­
t u r e a t t i m e t. 
( 3 5 ) L. S m a i l , C a l c u l u s , A p p l e t o n - C e n t u . r y - C r o f t s , N e w Y o r k , N . Y . , 
1 9 4 9 , p . 272. 
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The v a l u e for t h e c o n s t a n t b c a n be d e t e r m i n e d by p l o t t i n g t h e 
l o g a r i t h m of the t e m p e r a t u r e t e r m s i n d i c a t e d by the l e f t side of the e q u a ­
t i o n a g a i n s t t i m e . T h e s l o p e of the s t r a i g h t l i n e w h i c h r e s u l t s is 
eq u a l to - b / 2 . 3 0 3 . T h i s h a s b e e n d o n e in the ca s e of the h y d r o g e n a ­
t i o n of A c i n t o l FA 2 , a n d the c o n s t a n t in c o n j u n c t i o n w i t h the a b o v e 
e q u a t i o n h a s b e e n u s e d to c a l c u l a t e t h e t e m p e r a t u r e of t h e r e a c t i o n m i x ­
t u r e s a t the t i m e a t w h i c h t h e r e a c t i o n s w e r e c o m p l e t e d . 
C h r o m a t o g r a p h y E x p e r i m e n t s 
A t t e m p t e d S e p a r a t i o n of H y d r o g e n a t e d A b i e t i c A c i d by E l u t i o n C h r o m a t o ­
g r a p h y 
H a l f - h y d r o g e n a t e d a b i e t i c a c i d h a v i n g a m e l t i n g p o i n t of 1 1 5 - 1 4 0 ° 
w a s p a s s e d t h r o u g h a c h r o m a t o g r a p h y c o l u m n as f o l l o w s : T h e c o l u m n w a s 
p r e p a r e d by m a k i n g a s l u r r y of 2 0 0 g. of s i l i c i c a c i d in 4 0 0 m l . c h l o r o ­
f o r m . A g l a s s c o l u m n h a v i n g a d i a m e t e r of two i n c h e s a n d a h e i g h t of two 
f e e t w h i c h w a s e q u i p p e d a t the b o t t o m w i t h a m e d i u m s i n t e r e d g l a s s d i s k 
w a s p a c k e d w i t h t h e s l u r r y , a n d the s o l v e n t w a s a l l o w e d to d r a i n f r o m 
the c o l u m n u n t i l n o m o r e s o l v e n t d r i p p e d f r o m t h e c o l u m n . A s o l u t i o n 
of 1 7 o 5 po of t h e h a l f - h y d r o g e n a t e d a b i e t i c a c i d in 2 0 m l . of c h l o r o f o r m 
I 
w a s p l a c e d c a r e f u l l y on t h e s i l i c i c a c i d c o l u m n . T h e s o l v e n t w a s a l l o w e d 
to soak i n t o t h e c o l u m n , a n d a few a d d i t i o n a l m i l l i l i t e r s of c h l o r o f o r m 
w a s a d d e d to h e l p w a s h t h e h y d r o g e n a t e d m a t e r i a l o n t o t h e c o l u m n . T h e 
c o l u m n t h e n w a s f i l l e d w i t h c h l o r o f o r m , a n d a f l a s k w a s p l a c e d u n d e r 
the c o l u m n to r e c e i v e the e l u e n t . A f t e r a b o u t 7 0 0 m l . of e l u e n t w a s 
c o l l e c t e d , it w a s t r a n s f e r r e d t o a one l i t e r b o i l i n g f l a s k a n d e v a p o r a t e d 
o n . t h e s t e a m b a t h u n d e r w a t e r a s p i r a t o r p r e s s u r e . W h e n t h e v o l u m e of 
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the s o l u t i o n w a s a b o u t 200* ml.., it w a s f i l t e r e d t h r o u g h a f u n n e l c o n t a i n ­
ing g l a s s w o o l i n t o a 3 0 0 m l . b o i l i n g f l a s k , a n d t h e e v a p o r a t i o n w a s 
c o n t i n u e d u n t i l all the s o l v e n t h a d b e e n r e m o v e d . T h e r e s i d u e w a s d i s ­
s o l v e d in 2 0 m l . b o i l i n g a c e t o n e t h e n r e f r i g e r a t e d . A c r y s t a l l i n e r e s i d u e 
w a s o b t a i n e d , w h i c h w h e n r e m o v e d a n d d r i e d w e i g h e d 7 . 6 3 g . a n d m e l t e d a t 
1 4 5 - 1 5 5 ° . 
T h i s s a m p l e of p a r t i a l l y p u r i f i e d , h a l f - h y d r o g e n a t e d a b i e t i c a c i d 
w a s s u b j e c t e d to o t h e r c h r o m a t o g r a p h i c t e c h n i q u e s . A c h r o m a t o g r a p h y 
c o l u m n of a b o u t one i n c h d i a m e t e r a n d four f e e t l o n g a n d e q u i p p e d a t the 
b o t t o m w i t h a s t o p c o c k for s t a r t i n g a n d s t o p p i n g t h e f l o w of s o l v e n t w a s 
p l a c e d in a n u p r i g h t p o s i t i o n . A b o u t 2 0 m l . of t h i o p h e n e - f r e e b e n z e n e 
w a s p l a c e d in the c o l u m n a n d a p i e c e of g l a s s w o o l ' w a s i n s e r t e d i n t o the 
tub e a n d f o r c e d to t h e b o t t o m by m e a n s of a g l a s s r o d . A q u a n t i t y of 
B e r k s h i r e s a n d w a s p o u r e d i n t o t h e c o l u m n t h r o u g h a f u n n e l u n t i l it f i l l e d 
the c o l u m n for a l e n g t h of a b o u t two c e n t i m e t e r s . T h e c o l u m n w a s t h e n 
f i l l e d w i t h b e n z e n e to w i t h i n a b o u t 2 5 c m . of the t o p . T h r o u g h a s m a l l 
f u n n e l , 2 4 1 . 4 g» of a l u m i n a w a s a d d e d . T h i s w a s d o n e s l o w l y a n d in a 
fin e s t r e a m to a l l o w the c o l u m n to b e p a c k e d by the f o r c e of g r a v i t y . 
W h e n t h e c o l u m n w a s f i l l e d , a n o t h e r s m a l l a m o u n t of B e r k s h i r e s a n d w a s 
a d d e d t o t he t o p of t h e c o l u m n . A p p r o x i m a t e l y 1 0 0 m l . of b e n z e n e w a s 
a l l o w e d to f l o w t h r o u g h t h e c o l u m n . W h e n t h i s w a s c o m p l e t e d , a s o l u t i o n 
of 3 . 0 0 1 g. of the s a m p l e in 1 0 m l . b e n z e n e w a s c a r e f u l l y p l a c e d on the 
c o l u m n h e a d b y m e a n s of a p i p e t t e . T h e c o l u m n w a s c l o s e d a t the t o p by 
m e a n s of a s t o p p e r f i t t e d w i t h a Y t u b e . T h e Y t u b e w a s c o n n e c t e d to 
s u i t a b l e c o n t a i n e r s w h i c h p e r m i t t e d t h e m e t h o d of g r a d i e n t e l u t i o n to 
be u s e d in d e v e l o p i n g the c o l u m n ( 3 6 ) . In t h i s w o r k , t h e g r a d i e n t 
( 3 6 ) R . W i l l i a m s , A n a l y s t , 7 7 , 9 0 5 ( 1 9 5 2 ) . 
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e l u t i o n a p p a r a t u s c o n s i s t e d of t w o c o n i c a l - s h a p e d g l a s s c o n t a i n e r s of one 
l i t e r c a p a c i t y . T h e s e c o n t a i n e r s w e r e i d e n t i c a l ; they w e r e of the s a m e 
v o l u m e , h a d w a l l s w h i c h s l o p e d a t the same a n g l e , a n d h a d a small o p e n ­
ing a t b o t h t h e i r b a s e s a n d t h e i r p o i n t s . O n e of the t h e s e c o n t a i n e r s 
f i l l e d w i t h dry t h i o p h e n e - f r e e b e n z e n e w a s s u s p e n d e d p o i n t d o w n a n d w a s 
a t t a c h e d t h r o u g h t h e o p e n i n g in its p o i n t to one of the a r m s of the Y 
t u b e w h i c h w a s c l o s e d by a s t o p c o c k . T h e o t h e r c o n t a i n e r f i l l e d w i t h 
4.0 p e r c e n t d r y e t h e r in dry t h i o p h e n e - f r e e b e n z e n e w a s s u s p e n d e d b a s e 
d o w n a n d w a s a t t a c h e d t h r o u g h t h e o p e n i n g in its b a s e to t h e l a s t a r m 
of the Y t u b e w h i c h w a s a l s o c l o s e d by a s t o p c o c k . B o t h c o n t a i n e r s w e r e 
a t the sa m e h e i g h t a b o v e the c h r o m a t o g r a p h y c o l u m n . 
W h e n it w a s d e s i r e d to b e g i n t h e d e v e l o p m e n t , t h e s t o p c o c k s of 
the Y t u b e w e r e o p e n e d a l l o w i n g t h e s o l v e n t s to f l o w s i m u l t a n e o u s l y i n ­
to the a l u m i n a c o l u m n . F i f t e e n m i l l i l i t e r - f r a c t i o n s w e r e c o l l e c t e d f r o m 
the c o l u m n , a n d t h e n t r a n s f e r r e d to 5 0 m l . E r l e n m e y e r f l a s k s f r o m w h i c h 
t h e solvent, w a s r e m o v e d o n t h e s t e a m b a t h . N i n e t y two f r a c t i o n s w e r e so 
c o l l e c t e d a n d t r e a t e d . T h e f i r s t 4-7 f r a c t i o n s c o n t a i n e d less t h a n 0 . 0 1 
g. of r e s i d u e e a c h . T h e w e i g h t s of the f r a c t i o n s 4-8 t h r o u g h 9 2 , h o w ­
e v e r , w e r e c o n s i d e r a b l y l a r g e r , w i t h m o s t of t h e m c o n t a i n i n g 0 . 0 5 to 0 . 0 7 
g . of r e s i d u e . T h e r e w a s no s i g n i f i c a n t v a r i a t i o n b e t w e e n the w e i g h t s 
of t h e s e f r a c t i o n s , i n d i c a t i n g t h a t a d e q u a t e s e p a r a t i o n h a d n o t b e e n 
a c h i e v e d . M e l t i n g p o i n t s of s e l e c t e d f r a c t i o n s a r e l i s t e d h e r e : F r a c ­
t i o n 4 - 8 , m . p . 1 6 9 - 1 7 1 ° , F r a c t i o n 51, m . p . 1 6 8 - 1 7 0 ° , F r a c t i o n 5 3 , m . p . 
1 6 4 . - 1 6 7 ° , F r a c t i o n 5 5 5 m . p . L 6 3 - L 6 5 ° » T h e h i g h e r n u m b e r e d f r a c t i o n s h a d 
l o w e r m e l t i n g p o i n t s , a n d t h e r e w e r e no o t h e r s t h a t had. less t h a n a six 
d e g r e e m e l t i n g p o i n t r a n g e . T h e i n f r a r e d s p e c t r a of s e v e r a l r e p r e s e n t a ­
t i v e f r a c t i o n s w e r e n o t n o t i c e a b l y d i f f e r e n t . 
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Attempted Separation of Hydrogenated Abietic Acid with Paper Chromato­
graphy 
Four strips of chromatography paper were spotted with a solution 
of the partially purified half-hydrogenated abietic acid in chloroform. 
Two of these strips then were placed in chromatography jars and sus­
pended in 90 per cent acetone. The two others were suspended in jars 
containing 90 per cent ethanol. Three hours were required for the 
solvent to reach the top of the strips in the former cases and four hours 
in the latter two cases. After the strips were removed, dried, and painted 
with a 0.4. per cent solution of bromthymol blue in ethylene glycol-mono-
methyl ether, there was no indication of any separation of the components 
of the resin acid mixture. 
Attempted Separation of Hydrogenated Abietic Acid with Gas Chromatography 
A Perkin-Elmer Vapor Fractometer Model 154-D was utilized under a 
number of different conditions in an attempt to separate the components 
of the mixture obtained by the half hydrogenation or the complete hydro­
genation of abietic acid. The products were methylated with diazo­
methane prior to the attempted separation. These experiments did not 
yield data suitable for the quantitative analysis of the mixtures, nor 
were the results encouraging enough to lead one to think that improve­
ment could be made while using the presently available equipment. It 
appears that in all probability the thermal limit of the Perkin-Elmer 
instrument is too low to effect separation of these materials, or the 
detector is too insensitive at the high temperatures involved. 
Thermistors were used in the thermal conductivity cell as the 
detector. Helium was used as the carried gas, and the samples were 
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p l a c e d in the f l a s h e v a p o r a t o r in b e n z e n e s o l u t i o n . 
G a s C h r o m a t o g r a p h y C o l u m n s . — T w o of t h e c o l u m n s i n v e s t i g a t e d w e r e s u p ­
p l i e d by P e r k i n - E l m e r I n s t r u m e n t C o m p a n y . T h e o t h e r s w e r e m a d e d u r i n g 
t h e c o u r s e of t h i s w o r k . 
P e r k i n - E l m e r O X c o l u m n . — T w o m e t e r s in L e n g t h , m a d e of l/4 i n . 
O . D . s t a i n l e s s s t e e l t u b i n g p a c k e d w i t h d i a t o m a c e o u s e a r t h , s u p p o r t i n g 
s i l i c o n e g r e a s e . 
P e r k i n - E l m e r R X c o l u m n . — T h r e e m e t e r s l o n g , m a d e of l/4 i n . O . D . 
s t a i n l e s s s t e e l t u b i n g p a c k e d w i t h d i a t o m a c e o u s e a r t h , s u p p o r t i n g p o l y ­
p r o p y l e n e g l y c o l (UCON LB-550-X). 
C o l u m n O n e . — A t h r e e m e t e r l e n g t h of l/4 i n . O . D . c o p p e r t u b i n g 
p a c k e d w i t h 60/80 m e s h u n a c t i v a t e d C h r o m a s o r b ( P e r k i n - E l m e r N o . 154-
0318) s u p p o r t i n g 20 p e r c e n t D o w - C o r n i n g H i g h V a c u u m S i l i c o n e S t o p c o c k 
G r e a s e by w e i g h t . 
C o l u m n T w o . — A t h r e e m e t e r l e n g t h of 1/4 i n . O . D . c o p p e r t u b i n g 
p a c k e d w i t h 30/60 C h r o m a s o r b P, s u p p o r t i n g 20 p e r c e n t D o w - C o r n i n g H i g h 
V a c u u m S i l i c o n e S t o p c o c k G r e a s e by w e i g h t . 
C o l u m n T h r e e . — C o l u m n o n e a n d c o l u m n two j o i n e d t o g e t h e r by m e a n s 
of a s u i t a b l e c o n n e c t i n g u n i t . 
C o l u m n F o u r . — A t h r e e m e t e r l e n g t h of l/4 i n . O . D . c o p p e r t u b i n g 
p a c k e d w i t h 50/80 m e s h M i c r o B e a d s , s u p p o r t i n g 0.20 p e r c e n t A p i e z o n - N 
s t o p c o c k g r e a s e by w e i g h t . 
C o l u m n F i v e . — A 2.7 m . l e n g t h ©f l/4 i n . O . D . c o p p e r t u b i n g p a c k e d 
w i t h 50/80 m e s h M i c r o B e a d s , s u p p o r t i n g 0.06l p e r c e n t A s c o l u b e s i l i c o n e 
s t o p c o c k g r e a s e b y w e i g h t . 
C o l u m n S i x . — S i x f e e t l o n g , m a d e of l/4 i n . O . D . c o p p e r t u b i n g 
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packed with 70/170 mesh acid and base washed Chromasorb P, supporting 
approximately 2 per cent SE 3 0 silicon gum. 
Method of preparation of the columns.—All columns made in the course of 
this work were packed by the same method. The length of tubing to be 
used was cut from ordinary l / 4 in. O.D. copper tubing. A small glass 
wool plug about the size of a match head was placed in one end of the 
copper tube. After this end was covered with a rubber dropper bulb, 
the column was placed upright. A small funnel was attached to the ©pen 
end of the tube by means of a piece of Tygon tubing, and the packing was 
slowly poured into the funnel, and ultimately, into the tubing. As this 
operation was done, an assistant was required to tap the sides of the 
tubing constantly and rapidly with an ordinary laboratory metal ring 
through which the tube was inserted. The tapping was begun at the bottom 
of the column and gradually was moved up the column to the top. When the 
top was reached, the ring was returned to the bottom of the column and 
the process repeated. This was continued as more packing material was 
added until the tubing was completely filled. This operation normally 
required 3 0 minutes. The funnel was then removed, and a very small amount 
of the packing was removed from the top end of the tube and replaced by 
another glass wool plug of the same size as that used at the bottom. 
Preparation of column packing materials.—The packing materials used in 
columns one through five were all prepared in essentially identical 
manners. The components varied, but the technique used was the same 
and will be only generally discussed. 
The desired weight of the supporting agent (e.g., 4 0 g. Chroma-
sorb) was placed in a one liter round bottomed flask. The flask had been 
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altered by making three depressions in the walls which acted as paddles 
as the f lask was revolved. The depressions were approximately one inch 
deep, about 3 / 8 i n . wide, were approximately equa-distance from each 
other and were made at an angle of 6 0 - 7 0 ° from the horizontal when the 
f lask was upright. A solut ion of the l iquid phase ( e . g . , 1 0 g . s i l icone 
stopcock grease) was made by d isso lv ing the appropriate weight of the 
l iqu id phase in about 4 0 © ml. of a suitable so lvent , normally 2 , 2 , 4 - t r i -
methylpentane. The mixture was then placed on the Rotovap over the 
steam bath to remove the solvent and to give a uniform coating of the 
l iquid phase on the supporting agent. 
The packing material used in the preparation of column s ix was 
made according to the method of Vanden Heuvel, Sweeley, and Horning ( 3 7 ) . 
Thir ty-s ix grams of Chromasorb P, 6©/80 mesh ( P . E . No. 1 5 4 - 3 © L 8 ) was 
placed in a 4 0 0 ml. beaker and washed under constant s t i r r i ng at room 
temperature with 1 4 4 ml. of 1 2 N hydrochloric acid for four hours. The 
acid was decanted and discarded. The material was then washed with 
d i s t i l l ed water unt i l the washings were acid free as evidenced by their 
effect upon "litmus paper. The so l id was then removed by f i l t ra t ion and 
dried in an oven at 1 0 0 ° . The cooled Chromasorb was suspended in a 
solut ion of 1 0 . 1 g . of potassium hydroxide in 3 6 0 ml. absolute methanol. 
' Constant agitat ion was maintained by the magnetic s t i r re r and after s t i r ­
r ing for four hours, the solvent was decanted and the residue washed 
with methanol unt i l the washings were neutral to l i tmus. The material 
( 3 7 ) W. Vanden Heuvel, C. Sweeley, and E. Horning, J . Am. Chem. 
S o c , 82, 3 4 8 1 ( I 9 6 0 ) . 
^The method was supplied by Dr. C. C. Sweeley of the University 
of Pi t tsburg. 
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was removed by filtration and dried overnight in the oven at 1 0 0 ° . The 
Chromasorb was cooled and resieved to obtain 2,3-5 g» of 7 0 / 1 7 0 mesh pro­
duct. 
This Chromasorb was stirred with a solution of 3 « 0 g. SE 3 0 
silicone gum in 1 0 0 ml. toluene for five minutes and quickly filtered 
through a course, sintered glass funnel. Air was drawn over the residue 
for 10 minutes and the residue then dried in an oven on a porous plate 
for 1.75 hours to give a yield of 2 4 . 8 g. of column packing. 
Identification of the Product of Hydrogenation of Methyl Oleate and 
Methylated Acintol FA 2 by Gas Chromatography 
The products of the hydrogenation of both methyl oleate and 
esterified Acintol FA 2 were shown to be principally methyl stearate 
by the comparison of gas chromatograms (made under identical conditions) 
of these materials with that of an authentic sample of methyl stearate. 
The chromatograms were obtained through the use of the Perkin-Elmer 
OX column. 
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C H A P T E R IV 
R E C O M M E N D A T I O N S 
The f a c t t h a t a b i e t i c a c i d is h y d r o g e n a t e d in a two step r e a c ­
t i o n , a p p a r e n t l y f i r s t to a d i h y d r o a b i e t i c a c i d , f o l l o w e d by its 
s u b s e q u e n t r e d u c t i o n to a t e t r a h y d r o a b i e t i c a c i d , o f f e r s m a n y p o s s i b i l i ­
t i e s for f u r t h e r e x t e n s i o n of this r e s e a r c h . It is i m p e r a t i v e , h o w e v e r , 
t h a t some m e t h o d b e d i s c o v e r e d e i t h e r w h i c h p e r m i t s t h e a n a l y s i s of 
the n u m b e r of c o m p o n e n t s in the m i x t u r e of p r o d u c t s f r o m t h e h y d r o g e n a ­
t i o n r e a c t i o n a n d t h e i r r e l a t i v e p e r c e n t a g e s p r e s e n t or w h i c h p e r m i t s a t 
l e a s t the s e p a r a t i o n of t h e m a j o r c o n s t i t u e n t s of the m i x t u r e f r o m t h e 
l e s s i m p o r t a n t c o m p o n e n t s . 
It i s , therefore,^ r e c o m m e n d e d t h a t a r e s e a r c h p r o g r a m be u n d e r ­
t a k e n to f i n d a s u i t a b l e a n a l y t i c a l or s e p a r a t o r y t o o l . It w o u l d a p p e a r 
t h a t p e r h a p s the m o s t p r o m i s i n g p a t h to p u r s u e w o u l d b e the c o m p r e h e n s i v e 
e x a m i n a t i o n o f v a r i o u s c h r o m a t o g r a p h i c t e c h n i q u e s , e s p e c i a l l y g a s c h r o m a ­
t o g r a p h y . "iWhile d u r i n g the c o u r s e of this w o r k , v e r y l i t t l e e n c o u r a g ­
ing r e s u l t s w e r e o b t a i n e d u s i n g g a s c h r o m a t o g r a p h i c t e c h n i q u e s , it is 
t h o u g h t t h a t if a n i n s t r u m e n t w e r e a v a i l a b l e w h i c h h a d a h i g h e r t h e r m a l 
c a p a c i t y , a n d / o r a m o r e s e n s i t i v e d e t e c t o r , t h a t s e p a r a t i o n m i g h t b e 
m o r e , e a s i l y a d h i e v e d . 
It c e r t a i n l y is n o t u n r e a s o n a b l e to t h i n k t h a t the v a r i o u s i s o ­
m e r i c m a t e r i a l s p r o d u c e d by n o t o n l y h a l f h y d r o g e n a t i o n of a b i e t i c a c i d 
b u t full h y d r o g e n a t i o n of t h e m a t e r i a l c o u l d be s e p a r a t e d u s i n g g a s 
c h r o m a t o g r a p h y , if the p r o p e r c o n d i t i o n s a n d e q u i p m e n t w e r e c h o s e n . 
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H o r n i n g (38) e t a l , h a v e e f f e c t e d the s e p a r a t i o n of c e r t a i n s t e r o i d a l 
c o m p o u n d s w h i c h v a r i e d only in t h e s t e r e o c h e m i s t r y of the r i n g f u s i o n s 
of t h e A a n d B r i n g s . T h e s e m a t e r i a l s h a v e c o n s i d e r a b l y h i g h e r m o l e c u l a r 
w e i g h t s t h a n the r e s i n a c i d s a n d c o n s e q u e n t l y .should b e m u c h l e s s v o l a ­
t i l e . 
A n o t h e r a p p r o a c h w h i c h m i g h t b e a t t e m p t e d t o w a r d the s e p a r a t i o n 
of the m i x t u r e s w o u l d b e t h r o u g h a n e x h a u s t i v e s t u d y of the s o l u b i l i t y 
c h a r a c t e r i s t i c s of a l a r g e n u m b e r of a m i n e s a l t s of the a c i d s . S i m i l a r 
s t u d i e s h a v e l e d to t h e s e l e c t i v e s e p a r a t i o n of n a t u r a l l y o c c u r r i n g r e s i n 
r 
a c i d s 5 s u c h as in the p r e p a r a t i o n of a b i e t i c a c i d , if the p r o p e r a m i n e 
a n d s o l v e n t c a n b e f o u n d . 
If a p r e p a r a t i v e m e t h o d of s e p a r a t i o n c o u l d b e f o u n d , s u c h as the 
one j u s t p r o p o s e d or p e r h a p s e v e n a n e l u t i o n c h r o m a t o g r a p h i c t e c h n i q u e , 
it w o u l d b e of c o n s i d e r a b l e i n t e r e s t t o a t t e m p t to e l u c i d a t e the s t r u c ­
t u r e of t h e d i h y d r o a b i e t i c a c i d s f o r m e d in the h y d r o g e n a t i o n of the 
p a r e n t a c i d u s i n g v a r i o u s c a t a l y s t s a n d s o l v e n t s , if i n d e e d they a r e 
d i f f e r e n t . I t w o u l d a l s o b e of i n t e r e s t to k n o w s o m e t h i n g a b o u t t h e 
s t e r e o c h e m i s t r y of t h e t e t r a h y d r o a b i e t i c a c i d s w h i c h a r e f o r m e d o n h y d r o ­
g e n a t i o n u n d e r v a r y i n g c o n d i t i o n s . 
It is a l s o p r o p o s e d t h a t t h e v a r i o u s d i h y d r o a b i e t i c a c i d s w h i c h 
h a v e b e e n p r e v i o u s l y r e p o r t e d as p u r e c o m p o u n d s , w h e t h e r they r e s u l t e d 
f r o m h y d r o g e n a t i o n of a b i e t i c a c i d or f r o m s o m e o t h e r s o u r c e , b e p r e ­
p a r e d a n d h y d r o g e n a t e d f u r t h e r u n d e r t h e c o n d i t i o n s u s e d i n t h i s w o r k . 
T h e p u r p o s e of t h i s w o u l d b e to a s c e r t a i n if one of t h e m c o u l d b e 
r e s p o n s i b l e for the p r e s e n c e of t h e s l o w r e a c t i o n w h i c h b e g i n s a t a b o u t 
1 0 3 
h a l f h y d r o g e n a t i o n of a b i e t i c a c i d as f o u n d i n t h i s w o r k . T h i s w o u l d 
p o s s i b l y b e of h e l p i n p r e d i c t i n g t h e s t r u c t u r e of t h e m a t e r i a l w h i c h 
is r e s p o n s i b l e for the s l o w h y d r o g e n a t i o n t h a t o c c u r s t o w a r d t h e e n d of 
t h e t o t a l h y d r o g e n a t i o n of a b i e t i c a c i d as h a s b e e n indicated."'" It a l s o 
m i g h t l e a d to a w a y of o b t a i n i n g p u r e s a m p l e s o f t h i s s a m e m a t e r i a l , 
s i n c e o t h e r r o u t e s to t h e f o r m a t i o n of t h i s c h e m i c a l m i g h t n o t be c o m ­
p l i c a t e d by the p r e s e n c e of o t h e r p r o d u c t s , s u c h as t e t r a h y d r o a b i e t i c 
a c i d s . 
A n o t h e r v a l u e of t h i s p r o p o s a l w o u l d p o s s i b l y r e s u l t f r o m t h e 
c o m p a r i s o n of t h e r e l a t i v e r a t e c o n s t a n t s of h y d r o g e n a t i o n of t h e s e 
v a r i o u s so c a l l e d d i h y d r o a b i e t i c a c i d s u s i n g t h e s a m e c o n d i t i o n s . T h i s 
m i g h t b e u s e f u l i n s h o w i n g t h a t m a t e r i a l s w h i c h a r e n o w c o n s i d e r e d to 
b e d i f f e r e n t d i h y d r o a b i e t i c a c i d s a r e i n r e a l i t y t h e s a m e c o m p o u n d s . 
S e e a b o v e , p a g e i|J2. 
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